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Early Works of Thomas Telford, Engineer 


An Account of the Actwities of the First 36 Years of His Life, from 1757 to 1795 
By Joun F. Baker, Assoc. M. Am. Soc. C.E. 
and JOHN ARMITAGE 


RESPECTIVELY Proressor or Civit ENGINEERING, UNIversity or Bristot, Bristro.t, ENGLAND, 
and Epitor, “SquasH RACKETS AND Fives,”” LonNDON 


PIONEER in bridge, canal, and road construc- 
tion, Thomas Telford occupies a leading place 
among early civil engineers. He was born in Scot- 
land at the very threshold of the industrial revolution, 
when the need for better means of communication was 
beginning to attain importance. In his structures, 
which were notable for boldness of design based for 
the first time upon the strength of materials as de- 
termined experimentally, Telford made novel use of 


[ aeea've TELFORD, who died just over a hun- 
dred years ago, was a pioneer in the field of 
civil engineering. He was responsible for an 
immense amount of canal, road, and bridge construction 
in England, Wales, and Scotland. During his life, he 
turned his attention to many different branches of engi- 
neering, and in nearly every case he was breaking new 
ground. Not the least of his great genius was his 
ability to see clearly the core of the problem he was 
asked to solve. 

Starting life as a mason, Telford always took great 
pride in using masonry to the best advantage. He 
was, however, far from being a specialist. Opportuni- 
ties for work in Dumfries—the wild and sparsely popu- 
lated county in Scotland where he was born—did not 
allow the employment of different men for differ- 
ent building operations. Every man had to ac- 
quaint himself with every detail of every piece of work, 
and such experience was invaluable. Telford realized 
this, and more than a hundred years ago gave advice 
which is as sound today asit wasthen. He said, ‘““Youths 
of respectability and competent education, who con- 
template civil engineering as a profession are seldom 
aware how far they ought 
to descend in order to 
found the basis of future 
elevation.... How can 
aman give judicious di- 
rections unless he pos- 
sesses personal knowledge 
of the details requisite to 
effect its ultimate pur- 
pose in the best and 
cheapest manner?” Tel- 
lord expressed this view 
When the modern science 





both wrought-iron and cast-iron. This article, deal- 
ing with Telford's early life and works, includes 
his career as county engineer of Salop and the estab- 
lishing of his engineering reputation through the de- 
sign and construction of the 112-mile Ellesmere Canal. 
It is abstracted from the first of a group of four inter- 
esting lectures on Telford's life and works given by 
Professor Baker at the University of Bristol. The re- 
maining abstracts will appear in forthcoming issues. 


should achieve the dignity of being regarded as suitable 
for study at a university. If Telford's warning was nec- 
essary then, it is doubly so today, when the young 
man who has passed successfully through a theore- 
tical training, too often regards himself as a full-fledged 
engineer. 

Thomas Telford was born on August 9, 1757. The 
story of his childhood and the days when he was a 
young man in Scotland is briefly told in his invaluable 
autobiography, The Life of Thomas Telford, Civil Engi- 
neer. ‘This book also gives a detailed description of his 
engineering work. The story of his childhood, like 
that of many other great men, is a story of poverty at 
the start and the gradual triumph of a determined per- 
sonality over hardships. John Telford, father of 
Thomas, was a shepherd on the sheep farm of Glen- 
dinning near the village of Westerkirk, which lies in 
Eskdale, County of Dumfries, Scotland. Within a 
year after Thomas’s birth, John Telford died. In this 
way an influence, which might have made Thomas Tel- 
ford a shepherd for life, was removed at the start. 
There was nothing romantic about Telford’s boyhood. 
In his youth he herded cattle to aid the slender resources 
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IN THB TOWN OF BRIDGENORTH 


relford Was Architect and Builder of This Structure, Which Is 
124 Ft Long and 67 Ft Wide The Tower Is 115 Ft High 


of his home. In addition, he and his mother received 
some assistance from a cousin named Jackson, so that the 
boy was able to attend the village school at Westerkirk. 


A STONE-MASON S APPRENTICE AT THE AGE OF 15 


When he was about fifteen years old, Telford was 
sent to Lochmaben as an apprentice to a stone-mason. 
Disliking it, or being badly treated, he ran away. How 
ever, through the influence of his cousin, he was able to 
continue his apprenticeship—this time in Langholm, 
with one Andrew Thomson. The period was a busy one 
for the mason as the farmhouses on the estate of the 
Duke of Buccleuch were being modernized, and there 
were also bridges to be built in place of old horse tracks. 
lelford thus gained valuable experience from the start. 

When his apprenticeship was over, he continued to 
work at Langholm for one shilling and sixpence a day, 
helping in the reconstruction of the town and the building 
of a new bridge. Apparently during this period he be- 
came a first-class craftsman and was employed especially 
in hewing gravestones and other ornamental work. 
While at Langholm he became acquainted with a Miss 
Pasley, who took a fancy to him and often loaned him 
books from her library. Thus his education was not 
neglected. 

In 1780, when in his twenty-third year, he left Lang- 
holm and set out for Edinburgh. At this time he already 
had a background of some years’ practical experience. 
He also seems to have realized that there was nothing 
further to be gained by remaining in Dumfries. Telford 
stayed in Edinburgh about two years. There he found 
constant employment, since the town was being rebuilt 
and there was a demand for skilled masons. Although 
this time had been’ spent very profitably, studying the 
fine architectural structures that surrounded him, he 
decided in 1782 to move again, this time to London. 
“Having acquired,’ he writes, ‘“‘the rudiments of my 
profession, I considered that my native country afforded 
few opportunities of exercising it to any extent, and there- 
fore judged it advisable (like many of my countrymen) 
to proceed southward, where industry might find more 
employment and be better rewarded.’ No sentence 
could sum up better the essential characteristics of 
Telford's nature than this. All his life he was practical 
and to the point, capable of making a quick, firm decision 
and afterwards expressing it by action. 

Through Miss Pasley, Telford received a letter of 
introduction to her brother, and through the latter 
further letters to Sir William Chambers, the architect of 
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Somerset House, which was being built at that tin, 
and to Robert Adam. Good hewers were in deman 
at Somerset House, and Telford obtained employme: 
there without much difficulty. Unfortunately little 
known of his brief stay in London. But it is clear from 
his letters that, although he was fast becoming a first 
class mason, he was impatient to better his position. 
Telford had good friends in London: Robert Adam con 
tinued to take an interest in him, and he met William 
Pulteney, who a year or two later was to give him his 
first important post. 

In July 1784 Telford was at Portsmouth, superin 
tending the building of a house and other offices for the 
commissioner at the dockyard. There for the first 
time he saw under construction wharf walls, graving 
docks, and similar works which later were to be his 
principal occupation for many years. Apparently he 
kept very busy while at Portsmouth, not only with his 
work but in study. In a letter of that period he wrote, 
“The mode of making mortar in the best way led me to 
inquire into the nature of lime. Having, in pursuit of 
this inquiry, looked into some books on chemistry, | 
perceived the field was boundless.... I am determined 
to study the subject with unwearied attention until | 
attain some accurate knowledge of chemistry, which is 
of no less use in the practice of the arts than it is in that 
of medicine.”’ At this time he was apparently looking 
at his work more from the point of view of a good drafts- 
man and a hewer of stone. Not for some years was he to 
devote his attention primarily to the engineering prob- 
lems confronting him. 


A PROPITIOUS ERA FOR ENGINEERING ACHIEVEMENT 


Perhaps it will be well at this point to glance at the 
times in which Telford lived. An engineer, perhaps 
more than other men, is influenced by the age in which 
he is born. Telford was fortunate to be born in the 
second half of the eighteenth century, for it was an age 
peculiarly suited to his gifts. There were as yet no 
specialists to deprive him of some of his greatest achieve 
ments as outside his province. He was born on the 
very threshold of engineering activity, which had for its 
first task the improvement of communication systems. 
The tremendous progress made by motor cars, aero 
planes, telephones, and radio in the first quarter of the 
twentieth century is scarcely greater than the advance 
witnessed by Telford. When he was born there was 
hardly a road in England that did not become a slough 
in winter and a menace to travelers of allkinds. To goon 
foot was often the safest and quickest way. By the 
time he died, however, not only was there a network of 
good roads and canals traversing the whole country, but 
railways had become established. 

It was an age of economic transformation—a time 
when new ideas had begun to stir the minds of every 
thinking man and woman—the period known as the 
industrial revolution. What gave England the im 
petus for invention was the fact that she had markets 1 
her colonies for far more goods than she could manu 
facture, while those same colonies could supply many o! 
the raw materials. James Hargreaves, Richard Ark 
wright, and Samuel Crompton were responsible for 
inventions which meant a great deal to the cotton trade 
all perfected within the period from 1760 to 17/50 
Even more inspiring to the young Telford were the im 
provements on the steam engine, begun by James Watt 
in 1764. Four years before, when Telford was on!) 
three, a new method of smelting iron with coal had be: 
discovered, with the result that the price of iron Ww. 
reduced. The first iron bridge was built across | 
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“ 1779, and a few years later Telford was to see 
eee ‘ure and himself improve upon it. 
“The cw industries in England demanded a better 
communication, but roads continued to be 
+ uo ul Telford and Macadam gave the matter their 
tent But in this work it must be remembered that 
relford and Macadam only followed in the footsteps of 
lind Jehn Metcalf, who was a pioneer in the field 
ood road-making. Telford, indeed, can hardly be 
ded as the originator of any new method of com- 
m, although he never failed to improve any- 
‘hing to which he turned his mind. For a long time, 
-anals occupied most of his attention. But here again 
he was not the first in the field—he had the benefit of 
Rrindley's experience when constructing the Ellesmere 
Canal. In 1759, Brindley, a man of no education, had 
built the Bridgewater Canal joining Manchester and 
Liverpool, and its immediate success in lowering the 
ost of transportation resulted in a burst of activity to 
build artificial waterways. 

lelford's contribution to the building of bridges was 
without doubt his most original work. Iron bridges had 
been built before, but he was the first to see their pos- 
sibilities at all fully and to attempt their design on a 
rational basis. As Telford realized that the amount 
f iron used was not necessarily a criterion of strength, 
the cost of construction gradually sank lower. In 
addition, his attempts to span progressively greater 
jistances led him to the use of a suspended roadway in 
der to avoid the difficulties attendant upon the erec- 
tion of centering to support a long span arch. The 
Menai Bridge, which was completed in January 1826, 
was not the first suspension bridge in England, but it 
was the first attempt to apply the principle, which had 


been known for many years, on a large scale. 
TELFORD APPOINTED A COUNTY ENGINEER 

In 1786, when Telford was twenty-nine, his work at 
Portsmouth was completed. A year later he was at 
Shrewsbury, having been invited there by Mr. Pulteney, 
whom he had met in London. Pulteney wished him to 
make some alterations to a castle on his estate. This was 
1 purely temporary occupation, but while there Telford 
was appointed county surveyor for Salop. He re- 
mained in this position for six years before he had an 
pportunity to exercise his powers on an engineering 
undertaking worthy of his abilities—the construction of 
the Ellesmere Canal. 

(he years that Telford spent at Shrewsbury were of 
immense importance to him and his work. During that 
time he was responsible for the construction of no less 
than forty comparatively small bridges with spans of S80 
itor less, and two of considerably greater dimensions. 
One of these bridges was built across the Severn at Mont- 
lord, four miles west of Shrewsbury on the road to North 
Wales. This red-sandstone structure consisted of three 
elliptical arches, one with a 58-ft span and two with 55-ft 
spans. It presented no unusual difficulties. The other 
bridge was to replace a struc- 
ture at Buildwas that had 
dee carried away by floods. 
‘his was of great impor- 
ince, since Telford decided 

construct it of iron and 
Presented a design (Fig. 1) 


iron bridge having been built twenty years earlier, by a 
Mr. Pritchard, a Shrewsbury architect. Not unnatu- 
rally Pritchard had been guided in his drawings by 
the accepted methods of bridge construction and had 
produced an arch that differed little in design from that 
previously used for masonry construction. Telford 
realized where the mistake had been made and, in his 
design, showed for the first time in an undertaking of 
any magnitude his genius for adopting new materials 
and using them to best advantage. 

The Buildwas Bridge had a span of 130 ft. The road- 
way was carried on a flat circular arch, on either side of 
which arched ribs sprang from the abutments at points 
lower than the central arch, and rose at the center well 
above it. At three sections in the length of the bridge, 
these three main members were braced together by 
transverse plates. The total cost of the structure was 
just over £6,000. Unfortunately, details of the calcula- 
tions for determining the sizes of members are missing. 


THE EPISODE OF ST. CHAD'S CHURCH 


Although the story of Telford’s first recorded experi- 
ence as a consulting engineer is well known, it is worth re- 
peating. In 1788 one of the four pillars supporting the 
tower in the middle of the church of St. Chad's, con- 
structed in the fourteenth century, was found to be 
cracked. Telford, who was called in, reported that 
grave-digging close to the foundations of the pillar had 
caused the latter to sink, endangering the entire struc- 
ture. He recommended that the bells be removed and 
the tower demolished in order that the cracked pillar, 
relieved of its load, might be repaired or replaced. It is 
said that the consultation began in the church but that 
Telford, after a cursory glance round, remarked, ‘‘Gentle- 
men, we'll consult together on the outside, if you please.” 

His recommendations were received very coldly, as 
being too drastic, and there was not a little suspicion 
that he had an eye to his own advancement. Accord- 
ingly he was ignored and a mason was engaged to patch 
the damaged pillar. Many consultants in a similar 
position have no doubt prayed for a just retribution in 
the shape of catastrophe, but few can have had the 
dramatic vindication that was Telford's. The work of 
patching had hardly begun when the sexton, tolling the 
bell one morning, was startled by a sudden fall of 
masonry. He left the church hastily. At four the next 
morning the tower collapsed and the church was dam- 
aged beyond repair. It is probable that Telford took 
advantage of the opportunity to inspect the ruins, dis- 
covering as he must have suspected that the walls and 
pillars were mere shells of masonry filled with rubbish. 
This was not unusually the case in such ancient build- 
ings, however. Thereafter, Telford always showed 
meticulous care in the erection of masonry structures, 
arranging, wherever possible, to leave means of access to 
all faces of the work, and refraining from filling cavities 
with earth or carelessly built rubble masonry. The 
episode probably did far more for his reputation as a 
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consultant than many successes in other directions. 

During the time that he was county surveyor for 
Salop, Telford had varied experiences with the roads and 
bridges in the district, and he was also responsible for 
the public buildings. The latter responsibility in- 
cluded the erection of a new prison. Throughout this 
period he was reading and studying a great deal. The 
chemistry of calcareous substances occupied much of his 
attention. Telford also made note of many facts in the 
fields of mechanics, hydrostatics, and pneumatics. 
The notebook kept at this time, which is still in exist- 
ence, is most interesting. Its first section contains tables 
of length, area, and volume giving the relations be- 
tween French, Russian, and English measures. The 
second deals with mechanics and contains data for 
the design of water and wind mills. Another deals with 
air and water. A table of wind pressures is given. 
Fortunately for the safety of the structures Telford de- 
signed, the values are about 65 per cent in excess of the 
true pressures. Still another section deals with steam 
engines. As might be expected, the greater part of the 
notebook is filled with data on the strength of timber, 
iron, and masonry. Much of that relating to iron came 
from Telford's own tests. The accompanying Fig, 2 
showing the church of St. Mary Magdalen, which Telford 
designed and erected at Bridgenorth, gives some idea of 
his ability as an architect. He himself said of the struc- 
ture, ‘“The outside is a regular Tuscan elevation; the 
inside is as regularly Ionic; its only merit is simplicity 
and uniformity....'’ The tower surmounting it is Doric. 

Among the ambitious projects that occupied Telford's 
thoughts while he was in Shropshire was one for the re- 
building of London Bridge. For over a century this 
problem had been under discussion. 

In 1796 the Parliamentary Committee on the Port of 
London considered various schemes for the reconstruc- 
tion of London Bridge, which was on the verge of falling 
down, interest centering in designs providing sufficient 
headroom for ships to pass upstream without lowering 
their masts. Telford’s design, finally adopted practi- 
cally without change, was fora cast-iron arch made up of 
five ribs having a span of 600 ft with a rise of 65 ft. 
Its gradient was to be 1 in 16, and connection with the 
shore on each side was to be provided by causeways. 
The causeways were to be supported upon iron arches 
under which warehouses were to be constructed. A 
drawing of this bridge was published, and the print 
apparently was received with great favor. However, 
the times were considered unpropitious, so the bridge 
was never built. Telford writes, ‘I have got into mighty 
favor with royalty, following which I have received notes 
written by order of the King, the Prince of Wales, the 
Duke of York, and the Duke of Kent about the bridge 
print, and in future the plate is to be dedicated to the 
King.’ The bridge, on the other hand, though it was 
blessed by many engineers, mathematicians, and scien- 
tists, was never built. 








Fic. 4. Cast-Iron Lock at Beeston, Cuesnrre, Waere SANDY Som Mapge Masonry IMpRACTICABLE series of locks d 
(a) Plan of Lock (#) Cross-Section Through Lock 
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Considerable interest was felt about this time in th. 
construction of waterways, and in consequence ther 
was no difficulty in finding support for such an am bitioys 
project as the proposed Ellesmere Canal, to connect the 
Mersey with the Severn Valley and, in conjunction with 
other canals, Liverpool with Bristol. 


TELFORD TAKES CHARGE OF ELLESMERE CANAL PROJECT 


Many of the directors of the newly formed company 
which had undertaken the building of the canal were 
eminent citizens of Shrewsbury, and during the previoys 
six years they had been impressed by Telford’s efficient 
management of all his works in Shropshire. As a re. 
sult, in 1793 they invited him to become chief engineer 

Telford did not hesitate to accept this offer, feeling iy 
himself, as he afterwards wrote, “‘a stronger disposition 
for executing works of importance and magnitude thay 
the details of house architecture.’ In addition to the 
domestic architecture referred to, Telford’s work jy 
Shropshire had included the erection of two bridges of 
considerable dimensions and no less than forty lesser 
ones. But when the prospect of planning and cop. 
structing the 51 locks for the 112-mile canal presented 
itself, his work in Shropshire no doubt seemed trivial 
and unenterprising. It is well known that the efficiency 
of a canal system depends very largely on the water 
tightness and durability of the lock gates, for, apart from 
the cost of replacement, repairing and overhauling 
them obstructs a system of traffic which cannot be 
diverted. Telford discovered that the alternate wetting 
and drying of the gates reduced their period of life t 
only a few years, even when constructed from the best 
English oak. He decided, therefore, that for the Elles. 
mere gates he would once again make use of cast iron, 
a material easily obtainable in Shropshire. Separate 
castings, 14 ft in width, were made for the top and bottom 
hinges of some of the largest gates. These hinges were 
bolted to cast-iron ribs, forming a skeleton which was 
covered with wood planking (Fig. 3). The cost of re 
placing the planks as they decayed was low, and the 
process of replacement presented no difficulties. The 
skeleton framework of gates for narrower locks, 7 ft 
wide, was cast in one piece. In this connection it may 
be noted that Telford made another novel use of cast- 
iron in the construction of locks at Beeston Castle, 
Cheshire, shown in Fig. 4. At that point, where the 
level of the canal was raised through a height of 17 ft, 
continued difficulty had been experienced in attempting 
to make the locks water-tight on account of the sandy 
nature of the soil. In this situation Telford conceived 
the idea of setting troughs of cast iron for the full width 
and depth of the canal. The construction of locks by 
the use of these troughs proved successful. 


LOCK VERSUS AQUEDUCT CONSTRUCTION 


In laying out the Ellesmere Canal, Telford hoped to 
avoid the necessity for a large number of locks. In 
hilly country such as 
he had to consider here, 
the difficulties were ob- 
vious. The water in the 
Ellesmere Canal was 
drawn from Bala Lake 
and entered the canal 
at Lilandisilio. At tw 
2025 points in the chosen 
alignment, he had the 
choice of constructing 4 


vl one 





) Scale in Feet 
10 (15 


os 





hillside and up _ the 





ROJECT 


mpany 
1 were 
eVious 
ficient 
S a re- 
yineer 
ling in 
pSition 
e than 
to the 
ork in 
ges of 
lesser 
l con 
sented 
trivial 
ciency 
water 
t from 
auling 
ot be 
etting 
life t 
e best 
Elles- 
t iron 
parate 
ottom 
; were 
h was 
of re 
d the 

The 
_7 tt 
t may 
cast- 
‘astle, 
e the 
17 it, 
ipting 
sandy 
‘eived 
width 
ks by 





Vol No. II 


Civit ENGINEERING for November 1936 731 





@. 


Fic. 5. Tue Pont-y-Cysy_te Aguepuct CARRIES THE ELLESMERE CANAL OVER THE RIVER DEE 
(a) Profile of One Half of the Aqueduct (6) Elevation of One of the 19 Cast-Iron Arches 


ther, or of building an aqueduct across the valley. 
In both cases referred to, Telford decided in favor of 
aq ued cts of considerable magnitude. The first of 
these, near Chirk, crossed the valley of the Ceriog, 
ahich it is 710 ft wide, at a height of 65 ft. It consisted of 
ten arches of rubble masonry, each with a span of 40 ft. 
Considerable difficulty was encountered at that time in 
nstructing a water-tight trough, and the solution usu- 
ily consisted in providing a wide masonry trough and lin- 
vit with puddledearth. The use of this seemingly crude 
means for retaining water is common even today in the 
nstruction of storage reservoirs where earthen dams 
ire built around the area in which water is to be held. 
In employing this method for an aqueduct, however, 
the columns and arches would be called upon to sustain 
not only the weight of the puddle walls and bottom, 
but also the additional weight of the larger masonry 
ugh made necessary thereby. 
lelford saw additional objections to this method of 
nstruction. He had observed that great trouble was 
ften experienced from the action of frost in expanding 
and cracking the puddle, and in some cases causing the 
llapse of the masonry in the trough. For the Chirk 
\queduct, therefore, he decided to use a novel method of 
trough construction. Between and parallel to the outer 
walls of the main structure of the aqueduct, a third wall 
vas built. Across the tops of the three walls cast-iron 
plates were laid and connected with bolts passing through 
flanges on their edges. To make the sides of the trough 
water-tight, they were built up of carefully laid ashlar 
ssonry, backed with brick set in cement mortar. 
hey were then faced with rubble masonry to conform to 
the rest of the structure. This construction proved 
entirely successful. The continuous cast-iron bottom 
not only reduced the weight to be carried by the arches 
it ued the trough walls together, better enabling them 
withstand the pressure of the water. 
An even more ambitious undertaking was the other 
jueduct—at Pont-y-Cysylte. Here the valley of the 
Dee, which was to be bridged, was more than 2,400 ft 
wide and the water level of the canal was 127 ft above the 
river. The slope of the hill on one side was not too 
et: to make the cost of an earth embankment pro- 
uibitive. Such a fill was extended for a distance of 
1,000 {t until its height was 75 ft. This left a distance 
"1,005 ft still unbridged. Owing to the limitations of 
masonry work at that time, it was believed impracticable 
°attempt to carry the usual form of waterway on masonry 
piers more than 100 ft in height. Telford had to find yet 
nother new method of construction, and he turned 
nee again to cast-iron. In the Chirk Aqueduct, the 
“se of cast-iron bottom plates had, by eliminating the 
puddle lining, brought about a great saving in the weight 
inthe trough. Today, it seems natural enough that, in 
onsidering how a further saving of weight might be 


effected, Telford should think of extending the use of iron 
to the whole trough. At the time, however, such an 
idea marked a distinct advance over existing methods, 
and Telford deemed it desirable to check his design with 
a model complete in every detail. The model proved 
satisfactory, and work was begun on the aqueduct. 


EXTENDING THE FIELD FOR IRON 


It is interesting to note how Telford's confidence in the 
use of iron had grown. In the construction of the Bees- 
ton Castle lock it had enabled him to build successfully 
in a bed of sand. In another part of the canal he had 
already carried the whole of the waterway in a cast-iron 
trough for a short distance. But in the Chirk Aqueduct 
he was to carry the canal and towing path in one iron 
trough for a distance of 1,005 ft at a height of 127 ft. 

Twenty piers, the highest rising to a height of 121 ft, 
were built of local sandstone. The cross-section of 
each was 20 by 12 ft at the bottom, tapering to 13 ft 
by 7 ft 6 in. at the top. The first 70 ft of the pier was 
built solid, but the final 50 ft was hollow, with outer walls 
2 ft thick and one inner bracing wall. Telford made a 
great point of building masonry structures in this way, 
so that all sides of the structure could be inspected. He 
also felt this method ensured the best workmanship and 
made it possible to have complete confidence in the bear- 
ing power of the whole cross-section. It was not only 
in the construction of masonry piers that Telford avoided 
filling. As has been shown, he built a third inner longi- 
tudinal wall for the Chirk Aqueduct and followed the 
same plan in the construction of masonry bridges. 
In the past it had been more usual to fill the spaces be- 
tween arches and outside walls with earth or rubble. 

Across the top of the piers Telford now placed the 
cast-iron trough, bolted together and stiffened by iron 
ribs on the under side, as shown in Fig. 5. The span be- 
tween the piers measured approximately 54 ft, and the 
inside width of the trough was 11 ft10 in. The towpath 
was placed at one side within the trough. It was carried 
on columns standing in the waterway so that, although it 
reduced the width of the canal available for barges, it 
provided a free area of water, thus preventing the piling 
up of water in front of the moving barges. It is this 
piling of water which makes towing arduous in a narrow 
channel. The same plan of carrying the towpath on 
columns standing in the waterway and thus saving the 
overall width necessary, was followed in two short 
tunnels—one 1,500 ft long and the other 600 ft long—ex 
cavated on this canal system. 

Telford does not appear to have encountered any 
serious obstacles in constructing the Ellesmere Canal. 
There is no record of any difficulty in obtaining castings, 
and the fact that no faults are reported speaks well for 
the Shropshire iron founders, upon whom he was later to 
depend in designing still more ambitious structures. 
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Correlating Ground and Air Surveys 
How Maps Are Made from Aerial Photographs by Use of Stereoscope and Ground Control; 


By Artuur W. LAMBERT, Jr. 


AeriaAL Survey Section, U. S. EnNcineer Orrice, Sr. Louis, Mo. 


ODAY we have wings such as 

no bird ever dreamed of, and 

can see the world as it “really 
is,"’ or rather, as it really appears 
from practically any height that we 
desire. And what is more, by the 
use of modern photographic equip- 
ment we can preserve any particular 
view-impression we may care to re- 
tain for future consideration, meas- 
urement, or scrutiny. Such an 
aerial picture can provide a most 
interesting and useful fund of de- 
tailed information; but it is not a 
map. 

In differentiating between an air 
photograph and a map, I do not re- 
fer to the incomparable wealth of 
detail of the former, nor to the fact 
that the ordinary single exposure 
covers only a comparatively small 
area, but to a very important funda 
mental difference. The term “‘air- 
photograph” is usually used to mean 
an ordinary single exposure made 
from an airplane with a mapping 
camera in proper adjustment and 
truly vertical at the instant of ex- 
posure. 


Let us cover an air-photograph with transparent cloth 
or paper, and draw in the roads, streams, fences, land 


VW VE us wings, O Lord, strong wings, 

J And let us mount into the sky; 
That we may view the earth about us 
As it really is—glimpsed, as it were, 
By some celestial eye! 

Until about three decades ago, says 


Wr. Lambert, similar more or less poetic 
thoughts were very common, illustrating 


that to the average layman a map is 


merely a simplified bird's-eye view of a 
given area. But bird's-eye views, though 
common enough today in the form of 
aerial photographs, are not maps. 
Rather they are perspectives, or ortho- 
scopic projections of surface points, sub- 
ject to errors of horizontal displacement 
due to varying distances from the photo- 
graph center, differences in elevation, and 
many other lesser factors. After dis- 
iinguishing between the two, Mr. Lam- 
bert describes in some detail the art of 
photogrammetry or the making of maps 
from aerial photographs. The article 
concludes with an evaluation of air and 
ground surveys, pointing out that best 
results are achieved when the two are used 
in effective combination. 


photograph lies in the fact that th 
two are produced by entirely diffe, 
ent systems of projection. A ma 
is a plan, or orthographic pr viection 
whereas a photograph is a perspe: 
tive, or orthoscopic projection, and 
typographically speaking, phot 
grammetry is the art of makin 
maps from air-photographs. P 


TURNING PHOTOGRAPHS INTO MAps 


One very convenient way to mak 
a map is to take a true-to-scak 
model of a portion of the earth's sur 
face, and make a 1:1 plan drawing 
of it. With a surface gage we can 
accurately measure comparative ek 
vations for drawing in the contours 

A true-to-scale model is shown in 
Fig. l(a). The under side, S-S, in 
this model represents sea level 
If we consider the area with which 
we are concerned small enough | 
neglect the curvature of the earth 
then all that is necessary to produc 
an accurate map of the area to the 
same horizontal or planimetric scak 
as the model, is to project each ob 
ject point on the surface of th 


model vertically downward. 
As shown in Fig. 1(4), a section taken through th 


lines, and other outlining features. And let us indicate model on the line S-S, the vertical projections of the 
in the conventional manner houses, hills, trees, culverts, surface points on the datum plane are the respective 
bridges, ravines, and other topographical features that ‘‘plumb points,” u,, v,, etc. These so-called plum) 
we desire to record. We now have an outline portrayal points mark the true map positions of the objects on th 
of the area in question. It looks like a map, and it can surface, regardless of their elevations. Nor does it make 
be used in most respects as a map—but it is nota map. any difference where we locate the datum plane. 5 
When referring to maps, we mean maps in a technical long as it is a horizontal plane, the relative horizontal 
sense, correct from a mathematical standpoint. displacements of the map locations of all points thus pro 

The fundamental difference between a map and a_ jected remain the same. 

In Fig. 2 is shown a perspective or orthoscopic proje: 
tion of the same points illustrated in the previous dia 
gram, with the apex or orthoscopic point at L. If Lis 
the camera lens, all rays that pass through it are brought 
to a focus on a negative plate or film. If a contact print 
is then made of this negative we obtain the positive repr 
sentation or picture, P, which is exactly the same as tie 
negative except that it is reversed. This positive pictur 
will be identical with an orthoscopic projection made as 
indicated by the converging rays in Fig. 2. Thus, by 
placing the eye in the same relative position with respect 
to the picture as was the camera lens to the negativ' 
T plate, we obtain a congruent image effect identical wit! 
' the projection illustrated. 
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on the datum plane, and with the subscript p, ‘o 


a Model of a Portion of the Earth’s Surface 
scopic intersections with the picture plane P. 
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ferring to Fig. 2, we see that for 
one of these points are the m 
the o projections coincident 

enter-line point x. This is the 
r point of the camera axis. On 
S-S plane, all o projections are 
to fall beyond the m projec- 


ith very few exceptions, points 
on the earth’s surface are at greater 
elevations than sea level. Thus if 
we refer to mean sea level as the 
datum plane, the respective projec- 
ns of surface points will fall out- 
side their respective vertical projec- 
tions or true geographic locations, 
for anv vertical section of the terrain 
beneath the camera in which the 
camera axis, or plumb-line, is an ele- 
ment, as shown in Fig. 2. 

It should be noted, however, that 
these outward displacements are not 
only prop tional to the relative 
elevations but also to the radial dis- =. 8. Army Air Corps 
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values, and are still in a direct pro 
portional relationship to the offsets 
on the photograph. However, a 
change in the relative positions of 
the o projections and the map loca 
tions may occur with respect to the 
center line. For example, since the 
point ¢ (which we will assume is visi- 
ble from JL), is below the given 
datum plane, its orthoscopic or per- 
spective projection will be closer to 
the center than its true map location, 
and its image on the photograph, /,, 
will be closer to x, than will its 
smaller-scale ‘‘map position.” 

If we take the datum plane at a 
higher level still, say at the point 
y, about half the o projections, 
and consequently the smaller-scale 
p projections, will be closer to their 
respective map locations and the 
other half farther away. 

The whole process of making ac- 
curate planimetric maps from photo- 


tances of the points in question from Tuese Are Not MeN FRom Mars,BuT Pitor graphs thus hinges on the art of 
the plumb point. Thus, although AND Ark-PHoTOGRAPHER READY FOR A HIGH- recognizing the various displace- 


the two points « and w are at ap- 
proximately the same elevations, 
the outward radial displacement, u,—1u,, of point wu is 
much greater than w,,—w,, that for point w. 

From similar-triangle relationships it is clear that the 
» projections on the picture plane P are directly propor- 
tional to the @ projections on the datum plane S-S. 
Consequently on the picture plane P we have a small 
true-to-scale representation of the orthoscopic, or per- 
spective, aspects of the ground surface in question. On 
the picture plane, therefore, the images of the respective 
elevated ground points will not be at their true map posi- 
tions, but will have the same relative outward displace- 
ment from the center of the picture as the points them- 
selves had from the plumb point on the datum plane. 
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take our datum plane at a different level, such as 
ver river-level r’ shown in Fig. 2, the displacements 
projections will be changed. Since the new datum 
K-R is parallel to the previous datum plane S-S, 
ffsets are in direct proportion to the previous 


ALTITUDE MISSION 


ments of the photographic images 
and applying the proper correction. 
But for this troublesome necessity, making accurate 
maps from air-photographs would merely require en- 
larging or reducing the original photograph to the re 
quired scale. 

In very flat country, maps and photographs made to 
the same scale are very nearly congruent, particularly 
when made from points of great elevation. But, for the 
average terrain, all points on the earth’s surface must be 
presumed to be at different elevations until proved 
otherwise. In some mountainous sections, the differ 
ences in elevation between given pairs of ground points 
may even exceed their horizontal, or map, distances. 

In precise surveys that cover large areas, the earth's 
curvature must be taken into consideration. The same 
is true of comparable air-surveys. Also, other correc- 
tions must often be made before the actual photographs 
that are handed to the cartographer can be assumed to be 
fit to work with. These, however, are more or less com 
plicated technical details that can only be mentioned in 
passing. 

To cover large areas it is necessary to take many 
photographs and combine the aggregate data. The 
marvelous multi-lens cameras of modern air-photogra- 
phy, such as the three-, four-, and five-lens cameras 
developed by Maj. J. W. Bagley, U.S.A., and the new 
nine-lens camera designed by O. S. Reading of the U. S. 
Coast and Geodetic Survey, combine groups of simul- 
taneous exposures made in different directions optically. 
The resulting mosaic becomes in effect a single vertical 
picture covering a very large area, instead of the patch 
work mosaic made up of a number of different exposures, 
matched as nearly as possible and pasted on a board. 


A STEREOSCOPIC MODEL OF THE TERRAIN 


In an earlier paragraph we casually referred to making 
a map from a true-to-scale model. The veteran plane- 
table man or transitman, with recollections of set-ups in 
the middle of swamps or on the near-vertical slopes of a 
rocky mountainside, will agree that such a procedure 
would be a welcome innovation, if someone would only 
supply the model. Yet this is just what can be done 
today! 
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The technical operations necessary to readjust the 
photographic point locations before they can be plotted 
as true map locations are, as we have inferred previously, 
the bane of the planimetric map-maker. But the very 
factors that prove so troublesome, namely the dispro- 
portionate offsets from the center of the photographic 

plate, make it pos- 
“ sible to bring just 
such a model as is 
pictured in Fig. 
l(a) into the pho- 
togrammetrist’s 
laboratory for 
measurement or 
observation. In- 
stead of being a 
plaster cast, it is 
an optical model. 
But, phantom 
though it may be, 
it is just as effec- 
tive as if it actu- 
ally existed, is a 
very close approxi- 
Official Pho rmy Air Corpe mation of a rigor- 
Firers WHo Mape AgrRIAL Map or East ously true-to-scale 
snp Sourn Coast Line or Fiorma, representation, 
SHOWN witH T-2 (Four-Lens) CAMERA and can be mea- 

sured and con- 
toured in the laboratory to the heari’s content. 

Stereoscopic viewing apparatus enables the cartogra- 
pher to be “‘present’’ on the terrain he is mapping, even 
though he may actually be hundreds of miles away, and 
modern stereoscopic plotting methods enable the ex- 
perienced aerial surveyor to produce an entire topo- 
graphic map, contours and all, direct from the photo 
graphs of the covered area 

Stereoscopic reconstruction is the process by which the 
small-scale optical models are produced in the photo- 
grammetric laboratory. When we view any natural 
scene with our two normal eyes, we actually receive a 
different image impression on the retina of each eye. 
The right and left eyes of the observer, being separated 
by a distance of approximately 2'/: in., act as separate 
miniature cameras photographing the same view. 

The two separate retinal images, however, are both trans- 
mitted by the optic-nerve system to the same brain, where, 
because the two ‘pictures’ are slightly different, they can- 
not be made to register perfectly throughout. This lack 
of perfect register is interpreted as depth. Thus, we see 
natural objects or scenes in a three-dimensional aspect. 

In taking aerial photographs for map-making pur- 
poses, the exposures are made in strips, and the camera is 
so timed that there is an overlap of approximately 60 per 
cent between successive pictures. Thus, every point on 
the ground appears in at least two successive photo- 
graphs. Since the camera was at different air stations 
for each two successive exposures, the resulting pictures 
are photographs of the same area that are nearly, but not 
exactly, alike. 

These views are termed “‘stereoscopic pairs,’ and if 
they are placed in the proper relative positions and ob- 
served simultaneously, so that the right eye sees only the 
right-hand picture and the left eye sees only the left-hand 
picture, the slightly out-of-register pair of pictures is 
transmitted to the brain as if the two eyes were actually 
seeing the area photographed, with the right eye at one 
air station and the left eye at the other. 

lo adapt the eyes to the task of viewing a stereoscopic 
pair of photographs, stereoscopes are used. The small 
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parlor variety of this instrument is too well known {; 
further comment. If the stereoscopic pairs of phot 
graphs are free from distortions and properly mount 
in the viewing instrument, there appears an opti 
illusion which is an exact counterpart of the origir 
scene. It is this that the map-maker examines. 

In examining a stereoscopically reconstructed mode! 
of a part of the earth’s surface, the two eyes can be |i 
ened to a pair of small, independently mounted tele- 
scopes set up at the two ends of a fixed base-line position, 
With suitable devices for measuring and recording the 
angles of convergence and other constants from this fixed 
aerial base to any point on the model, it is possible to fix 
the relative map positions of points as well as their rela- 
tive elevations with regard to any given datum plane, 
such as S-S in Fig. 1. 

The principles of stereoscopic reconstruction are com 
paratively simple, but the mechanical and optical diffi- 
culties incidental to the design and construction of satis- 
factory machines for accurate stereo-mapping and con- 
touring are exceedingly difficult to overcome. The most 
accurate machine so far built for this work is, perhaps, 
the stereoplanigraph pictured in one of the photographs 

From this necessarily brief description of certain phases 
of the art of making maps from air-photographs by 
photogrammetric manipulations, it must not be inferred 
that the process is delightfully simple and nearly auto- 
matic. In fact, many of the necessary steps are ex- 
ceedingly difficult to perform satisfactorily, and the 
constantly increasing accuracy and flexibility of air 
surveying methods is a tribute to the genius and skill of 
mechanical and optical technicians who are primarily 
responsible for the developments of photogrammetry. 


RELATIONSHIP BETWEEN OLD AND NEW METHODS 


The underlying principles that apply to the making of 
maps from air-photographs are not new. Except, per 
haps, for some of the comparatively recent adaptations 
based on stereoscopic reconstruction and analysis, little 
is novel in photogrammetric theory. The chief contribu 
tions of the past two or three decades lie in the steady and 
progressive development of specialized air-photographic 
equipment and the contemporary development of the 
modern high-flying airplane. It is a long way from the 
top of a tripod to a point between 16,000 and 25,000 ft 
above the ground. 





Official Photo, U. 8S. Army Air Corps 


INSTALLATION OF K-3 (SINGLE-LENS) CAMERA AND EQUIPM! 
IN CABIN PLANE 
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iew of the rapid development of air-surveying 
is, it is natural that those who learned much of the 


on s of ground-survey methods, or who are at present 
worsi:ping at the shrine of this or that author of survey- 
ing texts, Should speculate on the possibilities of techno- 
ogica! development. Of what use will be the principles 
and practices that are in process of absorption at the pres- 
ent moment? How much will be obsolete in the next 
few years? To what extent will the methods of air- 


surveying supplant those of ground surveying? 

We might answer this question by propounding 
nother. To what extent has the modern calculating 
machine supplanted paper and pencils? There is little 
danger that time spent in studying the old methods will 
prove time lost. The aerial surveyor will not supplant 
the ground surveyor. On the contrary, aerial work is 
lestined to greatly enlarge the scope of the ground sur- 
vevor and make his task more interesting. Aerial sur- 
veying methods do not eliminate, but supplement the 
transitman and levelman. Indeed, for best results the 
phot rammetrist depends on the best ground assistance. 

One thing that air-surveying will do, however, will be 
to eliminate a great deal of the ‘‘trudgery,’’ thus enabling 
ground parties to spend more time carefully locating 
important reference points, such as first-, second-, and 
third-order triangulation stations, and less time in obtain- 
ing and recording data of minor importance. 

lo a great extent the relative use of ground and air- 
survey methods depends on the character of each indi- 
vidual project. In all mapping work we must be content 
with results in which the acceptable tolerance is within 
the limits of the expectancy of acceptable error, and as 
cost is usually an important factor, we must consider the 
purposes for which any particular project is intended and 
cut the cloth accordingly. The tolerances of ground sur- 
veying are too well known to require further considera- 
tion here. Likewise air surveying is afflicted with the 
curse of inherent and residual errors. 

In dealing with photographic plates or prints, upon 
which we must depend for the great majority of our 
measurements, we are dealing with very small quantities, 
minute in fact, in which thousandths and even ten- 
thousandths of an inch play important réles in deter- 
mining final results. Because of this influence there is a 
more or less definite plus-or-minus error that must be 
lealt with. 
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’S ARE PARTICULARLY ADAPTED FOR MAPPING HIGH- 
ELIEF, MOUNTAINOUS CoUNTRY SuCH AS THIS 
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ALLUVIAL PLAIN FLANKED BY HIGH GROUND WITH RELIEF 


Terrain Such as Shown Here Is Easily Accessible to Ground 
as Well as Air Parties 


The government is buying vast quantities of marginal 
and submarginal land in connection with various proj- 
ects, and most of this land can be and is measured and 
plotted by photographic methods. Where land is valued 
at a few dollars an acre, extreme accuracy in mapping, so 
far as land acquisition is concerned, is not essential. If 
a farm that must be acquired before a dam can be built 
is worth from $75 to $100 an acre, what difference if the 
planimeter scales a few square yards over or under the 
actual acreage involved? In such cases the total cost of 
making an extremely careful and accurate survey from 
a scientific standpoint is far greater than any small dif- 
ference in adjustment cost resulting from such error, so 
that usually a satisfactory figure can be mutually agreed 
on from an ordinary photographic survey. 

In laying off or locating property lines in connection 
with urban property or city lots, particularly in sections 
where ground is considered ‘‘real estate’’ with a front- 
foot or even a square-foot value, it is probable that the 
aerial survey will never function as we might like it to do. 
For many years to come, we will probably continue to 
depend on the most careful measurements possible with 
tapes, levels, and transits. 

Similarly, in running drains, grades, or gradients for 
sewers and the like, only most careful leveling on the 
ground itself will give results of the necessary accuracy. 
The ground surveyor will also continue to be of great 
assistance in fixing important elevations, as well as spot- 
elevations for determining contour lines at one- or two- 
foot intervals in comparatively flat country. 


GROUND CONTROL IS NECESSARY 


The true function of the ground surveyor in modern 
mapping work may be likened to that of the structural 
engineer and erector in modern building operations. 
Unless every member of a steel skeleton framework is 
properly assembled, the floors will be tilted or warped and 
the walls out of plumb. Similarly, in attempting to pro- 
duce an accurate map by photographic survey methods, 
unless the skeleton, or as it is technically known, the 
control, is accurate and adequate, the fill-in information 
will not be in true geographic or geodetic relationship, no 
matter how carefully the secondary measurements may 
be made, or how neatly the drafting is done. 

One function of the air-photograph is to supplant the 
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voluminous field notes that must later be translated and 
transcribed into the details of the finished map or chart. 
Where field notes are apt to be skimpy, somewhat un- 
intelligible, or otherwise faulty, the air-photograph is a 
complete inventory of all visible topographical features. 
This makes the task of detailing much s.mpler and far 
less likely to contain interior errors or omissions that 





Foi ‘ erveye, In 
STEREOSCOPIC Type OF PLOTTING MACHINE FOR PRODUCING 
SMALL-SCALE Mope.s or AREAS PHOTOGRAPHED 
By Turning Two Hand Wheels and One Foot Wheel the Operator 
Virtually Measures the Phantom Model The Motion of the 
Pointer Is Transmitted to the Assistant’s Table, Where the Pencil 
of the Coordinatograph Draws the Map 


would be the case with “cold’’ descriptions in longhand. 

For most economical results, the correlation between 
the ground work and the photogrammetric work in any 
given survey should be properly proportioned. Ex- 
cessive ground work is unduly expensive, as is excessive 
reliance on the photogrammetric analysis. 

For every job, the right ratio lies somewhere between 
the two extremes, and in a well-balanced survey a proper 
planning of all new work should endeavor to properly 
correlate the ground and air departments. 

By the use of equipment now available, a topographic 
map covering an area of several hundred square miles, 
complete with relative geographic and geodetic relation- 
ships between all important points, located to a degree of 
accuracy suitable for any but the most exacting require- 
ments, could be made without setting foot on the ground. 

Such a map, however, would be of an area floating in 
space as it were, and without accurate scale. To give 
this map an accurate scale and a proper terrestrial loca 
tion, it would be necessary to know the positions of at 
least two points. Then the area could be definitely 
oriented with respect to the earth’s surface. 

But what of the cost? A few of the operations that 
would ultimately be reflected in the final bill will be 
listed. We would have to take into account, and make 
minute corrections to compensate for, all knowable errors 
attributable to distortions in the lens, films, prints, or 
other reproductions from which the map was made. 
We would also have to make corrections for very small 
errors due to mechanical and optical defects or short- 
comings in the apparatus used for measuring the final 
photographs, or inherent in the machines used for plot- 
ing. And we would have to know and be able to elimi- 
nate errors due to the personal equation of the operators 
responsible for the various stages of the work. 
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An immense number of accurate measurements and , 
great many intricate calculations would be required ty 
avoid accumulation of error as the survey was extended 
from its starting point. All this would take time 
Furthermore, such operations could only be mace hy 
men of the highest technical skill and mathematica) 
abilities. The bill for salaries would reach stratospher;, 
levels. Thus, while the undertaking is possible, it js 
impracticable from an expense viewpoint, both as to time 
and money. Half a dozen well located triangulation 
stations, properly distributed over such an area, would 
furnish convenient checks that would eliminate a ver 
great proportion of such labor and expense. 

The air photograph serves two important economic 
functions relative to mapping activities. It makes 
possible, at a comparatively low cost, the mapping of 
large inaccessible or economically inaccessible areas. 
particularly of low-value lands, providing at the same 
time complete ground inventories and often much valy 
able prospecting data. It also makes it possible to cen 
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tralize the actual cartographic work of the topographical 
staff at any convenient permanent location, even 
thousands of miles from the area being surveyed. 

Photographing an area is usually a matter of onl) 
few hours of actual flying time. However, certain sea 
sonal and atmospheric conditions must be taken int 
consideration, so that the actual time spent in covering 
an area to be surveyed must allow for delays. But onc 
the photographs are taken, the work of mapping can be 
carried on at leisure. Thus this phase of the work maj 
be distributed over the entire year, regardless of season 
or weather. 

Only the important spots have been touched in this 
discussion of a comparatively new and fascinating sub 
ject. As usual, the pioneers have made progress slowly 
in the face of opposition. In the United States we ar 
still years behind many foreign countries in appreciation 
of these aids to surveying and mapping, and we are woe 
fully behind in the domestic production of adequat 
photogrammetric machines and appliances. But as 
aftermath of the depression, the necessity for provicing 
adequate surveys and maps for various governmerta 
projects has given impetus to the work, and it is probab« 
that within a few years we will at least catch up ¥ 
contemporaries across the sea. 
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Models Guide Work on Western Dams 


ound Indispensable in Design and Construction of Dams at Grand Coulee and Fort Peck 


‘. VCREASING recognition is being given to the 
| value of hydraulic models as an aid in analyzing 
1c of the knotty problems involved in the design 
and construction of large dams. Tests on models fre- 
quently reveal factors which have an important bear- 
ing on the operation of their prototypes, and also pro- 
vide quantitative checks on design assumptions. The 
following two articles have been developed from 
presentations of this subject at the Society's Portland 
Convention, July 16, 1936. 
In the case of the Grand Coulee Dam, Mr. Warnock 
tells how model testing indicated a method of protection 
against scour at the toe of the overflow spillway and 


provided valuable information on transverse wave and 
pool action; erosion of river bed; design of spillway 
training walls, crest, and drum gate; and dwersion 
problems which were anticipated during construction. 

The second article, by Mr. Hathaway, describes 
similar studies on models of various parts of the Fort 
Peck Dam. Objectives of tests on the spillway model 
were the most efficient hydraulic design and the most 
efficient means of preventing scour. Tests on a model 
of one of the tunnel and control structures gave im- 
portant information on flow conditions and head 
losses. Flow conditions at the tunnel outlet works and 
suitability of the soil at the dam site were also studied. 


Experiments Aid in Design at Grand Coulee 


By Jacos E. Warnock 


AssociATE MEMBER AMERICAN Society or Civit ENGINEERS 
Hyprautic Researcu ENcINneer, U. S. BuREAU oF RECLAMATION, DENVER, CoLo. 


Coulee Dam had been assigned to the Bureau of 

Reclamation, the practiceof using hydraulic models 
as an aid in the design of large hydraulic structures was 
well established. Models were first used extensively by 
the Bureau in 1930 in the design of the spillway for the 
Cle Elum Dam of the Yakima project in Washington. 
The design of the spillways for Boulder Dam, Madden 
Dam in the Panama Canal Zone, and Norris and Wheeler 
dams for the Tennessee Valley Authority, served as 
stepping-stones in further developing the technique and 
improving the methods. 

The major problem in connection with the design of 
the proposed overfall spillway for the ultimate develop- 
ment of the Grand Coulee Dam was that of protection 
against scour at the toe. With a designed capacity of 
one million cubic feet per second and a difference in head 
of 280 ft, the energy to be dissipated will be 31,800,000 
hp, or 19,300 hp per ft of gross spillway crest length. 
Four different models were tested in an attempt to de- 
velop a method of protection that would satisfy this un- 
precedented requirement. Each was constructed with 
definite limitations and for a definite purpose. The first 
model was built to a scale of 1: 184 and was tested in the 
hydraulic laboratory of the Colorado Agricultural Experi- 


B Y the time the design and construction of the Grand 
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Fic. 1. SECTION THROUGH SPILLWAY OF DAM 
(b) Showing Final Design of Bucket 
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ment Station at Fort Collins, Colo. Extensive experi- 
ments were then in progress in that laboratory on similar 
problems for the Norris and Wheeler dams, so that very 
little space was available for models of the Grand Coulee 
Dam. Furthermore, no funds had been appropriated 
for the design of the ultimate development of the Grand 
Coulee Dam, even though it was proposed that certain 
of its features would be included in the initial stage of 
construction. 

The small scale of the model may throw some doubt 
upon the accuracy of the quantitative results. However, 
this model did serve admirably in a qualitative way for 
the study of suggested designs and for the elimination of 
undesirable ones quickly and economically. An analysis 
of the data secured from the model indicated that the 
topography of the site, the tailwater-discharge relation- 
ship, and the condition of the river bed were such as to 
dictate the use of an apron, or bucket, curved in section 
and placed at a very low elevation. 

A further refinement of this design resulted in the 
addition of a dentated lip on the downstream edge of the 
bucket, which produced excellent results. The modified 
design eliminated both the impingement of the jet di- 
rectly on the river bed and the scouring effect of the 
turbulent flow. However, the behavior of the water in 

and around the teeth of 


920.00 the dentated lip led to 


the belief that partial 
vacuums existed. That 
condition would be 
serious because of the 
possibility of cavitation 
and consequent destruc- 
tion of the teeth. 


LARGER MODEL BUILT 

FOR STUDY OF BUCKET 
Since the 1:184 model 
was too small to allow 
detailed studies of these 
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pressure conditions, a second model was constructed 
to a seale of 1:40 (Fig. 1). This model consisted 
of one gate with half of a pier on each end, and the 
downstream face of the spillway, including the bucket 
at the toe. A glass panel, 6 ft long by 3'/, ft high, was 
built into one side of the flume to permit study of the 





Tue Moper or tHe ComMpLete ULTIMATE DEVELOPMENT, BUILT 
TO A SCALE oF 1:120 


flow conditions in the bucket. Piezometers were in- 
stalled in the faces of two teeth to measure pressures. 

The glass panel was invaluable in that it made possible 
a visual concept of the action in the bucket. Regardless 
of the amount of data which may be obtained by other 
devices, none has proved as effective as this in affording 
a mental image of the true behavior of the water. When 
pressure studies substantiated the belief that partial 
vacuums did exist around the teeth of the lip, extensive 
efforts were made either to reduce or to eliminate them. 

Since very little was known concerning the effect of 
the dissimilarity between the vacuum conditions in model 
and prototype, it was believed advisable to construct a 
third and larger model. Accordingly, a model to a scale 
ratio of 1:15 was constructed and studied at the Bureau's 
laboratory on the south canal of the Uncompahgre ir- 
rigation project near Montrose, Colo. 

From this point until completion of the experiments for 
final design, the testing on the two large models was 
carried on simultaneously, permitting direct comparison 
of data. Every effort was made to find a modification 
of the dentated lip which would not have the objection- 
able vacuum condition, but it was not 
found possible to avoid the vacuum with- 
out impairing the effectiveness of the lip. 
An incidental test was made to determine 
the extent of the battering effect of ice 
or other materials which might be carried 
into the bucket during the operation of ,°. | 
the spillway gates. By the use of cakes of 
paraffin and short lengths of weighted 
dowel rods to simulate ice and water- 
soaked logs, it was disclosed that the 
sharp edges of the teeth would be rapidly 
abraded. As a result of the foregoing 
observations, the dentated lip was elimi- 
nated. The design of the bucket as 
finally adopted is shown in Fig. 1. 









TESTING PRESSURES AND VELOCITIES 

IN BUCKET ; 

After the design of the bucket had been ) 
fixed, an additional program of testing 
was undertaken to obtain more detailed 
information concerning the pressures 

and velocities 

extent of scour in the river bed. Piez 


Pressure 
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ometers were installed in the bucket and on the 
faces of the lip at such intervals that there was no 
possibility of a change of pressure occurring wnob. 
served. Pitot-tube traverses were made at representa. 
tive sections. 

The pressure measurements served to supply data fo; 
the structural design of the downstream part of the 
bucket and to relieve the concern expressed regarding 
the possibility of the formation of negative pressures 
directly downstream from the crest of the bucket lip. 
The pressure data obtained are illustrated in Fig, 2 
As may be seen, the anticipated negative pressures did 
not appear. 

A very clear picture of the behavior of the interna) 
mechanism by means of which the roller accomplishes 
the dissipation of energy was obtained from the velocity 
traverses. The descending sheet of water plunged into 
the tailwater and diverged. This divergence can best be 
described as a process of raveling due to contact with the 
roller. After the stream enters the bucket, it is diverted 
with a practically constant velocity to the crest of the 
lip at El. 900.0. The effect of the lip is to divide the 
jet into two parts, of which one is deflected upwards to 
form the elliptical surface roller with its major axis in a 
horizontal plane above the bucket, and the other bends 
downstream and forms the so-called ‘‘ground roller.” 

These two rollers are the fundamental factors which 
govern the dissipation of energy and the prevention of 
scour. The upstream surface roller is primarily ef. 
fective in dissipating the energy which might otherwise 
prove destructive to the river bed, while the direction 
and intensity of the ground roller determine the extent 
of the erosion immediately below the bucket. It was 
found that a slope steeper than 1:1 on the upstream face 
of the lip produced a too nearly vertical deflection of the 
jet, with the result that the ground roller dipped sharply 
and produced excessive scour, and the surface roller 
was rendered ineffective. For slopes flatter than 1:1, 
the surface roller tended to “‘sweep’’ out of the bucket 
and the ground roller was obliterated by a downstream 
current which again produced excessive scour. 

A significant fact brought out by the pitot-tube tra- 
verses was that the actual maximum velocities in the 
curved part of the bucket are materially less than might 
be expected from theoretical considerations. For 
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in the bucket and the Fic. 2. Comparinc FLow CHARACTERISTICS IN MopELs OF FinaL BucKET D®SIGN 
(a) Discharge 500,000 Cu Ft per Sec (6) Discharge 1,000,000 Cu Ft per sec 
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e, it was found that with a spillway discharge of 


xall 

? ), cu ft per sec, the maximum velocity measured 
at the point where the descending sheet enters the pool 
was 123.0 ft per sec. This was found to be in excellent 
agreement with the calculated velocity of 141.0 ft per sec. 
At the point of tangency the maximum measured velocity 
was 50.0 ft per sec. 


In making observations on the erosion of the bed below 
ket, care was exercised before each run to restore 
surface of the bed to a predetermined profile selected 
facilitate comparison. From the downstream toe of 
bucket, the bed material was carried up on a 1:1 
slope to simulate the condition that will probably exit 
following construction. It was found that, as the dis- 
charge gradually was raised to capacity, the river bed 
material was carried back against the bucket, completely 
filling the trench and forming a deposit parallel to the 
lip and roughly parabolic in section. This deposit proved 
to be quite stable and was not materially affected by sub- 
sequent variations in the discharge. 

Model buckets with radii of 30, 50, 75, and 100 ft were 
tested during the course of these studies. The circular 
roller of the 30-ft bucket was much less effective than the 
elliptical roller of the 50-ft bucket. The use of a 75 or 
\00-ft radius resulted in only slight further improvement, 
which was insufficient to justify the additional cost. 


STUDIES TO BLIMINATE TRANSVERSE WAVES 


During the test on the 1:184 model, a curious trans- 
verse-wave phenomenon was observed. Starting with a 
swell which formed midway between the side walls, 
the wave divided, traveled laterally to the sides, and was 
reflected back to the center. This action was repeated 
continuously. As indicated in this model, the wave, if 
reproduced in corresponding degree in the prototype, 
would seriously batter the spillway training walls and 
the ends of the power houses. It was thought at first 
that this phenomenon might have been due to the fact 
that the 1: 184 model reproduced only a part of the spill- 
way. Experiments with dentated sills demonstrated 
that the wave could be eliminated by this means, but 
as has been previously mentioned, other considerations 
led to the rejection of that solution. 

[he same phenomenon was observed on both the 1:15 
and 1:40 scale models. In no case could it be avoided 
without the use of the dentated bucket lip. Partly for 
this reason, and partly because it was desired to demon- 
strate the action of the proposed bucket in its entirety 
and its proper relation to the riprapped slopes of the 
tailraces, a complete model on a scale of 1:120 was de- 
cided upon. It was felt that such a model would obviate 
uncertainties introduced by the artificial conditions of the 
sectional models. A 1:120 model representing the com- 
plete ultimate development, including spillway, power 
houses, tailraces, and a half-mile of the river bed below 
the dam, was accordingly constructed in the Fort Collins 
laboratory. A view of this model is shown in one of the 
photographs. 

_ The presence of the transverse wave was confirmed 
by the first observations made on the new model. By a 
process of trial and error, it was discovered that the action 
could be eliminated by increasing the effective tailwater 
depth As a result of this finding, the design of the 
bucket was altered by lowering it until the crest of the 
1p was at El. 900.0. The results were completely satis- 


lactory 
\ t} + , : . 
As thi study of the transverse wave was proceeding, it 
Was observed that the pool action in the vicinity of the 
-aliraces was much less violent than had been anticipated. 


‘Was noted, furthermore, that the removal of one gate 
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on the extreme left end of the spillway resulted in a very 
material improvement in the behavior of the tailrace. 
As a consequence, the spillway was shortened from a gross 
length of 1,800 ft to 1,650 ft. The resulting increase in 
effective head on the spillway crest fortunately had no 
adverse effect. This change permitted the shifting of 
the left power house to a position 150 ft nearer the river 

a more favorable location, which will effect an appreciable 
reduction in construction cost. 


INVESTIGATING EROSION OF THE RIVER BED 


In order to study the erosion of the river bed, it was 
first necessary to select a material that would suitably 





MEASUREMENTS OF EROSION IN THE RIVER BED OF THE 1:120 
MopeL WERE RECORDED ON THE PROFILOGRAPH IN 
PROTOTYPE TERMS 


represent the natural alluvium, and to determine a 
method by means of which the river-bed profile could be 
reproduced expeditiously. The bed material of the 
Columbia River at the Grand Coulee dam site is a com- 
bination of clay, sand, and gravel, closely interspersed 
with larger rock fragments, all intimately associated in 
a cohesive mass. To find an accurately analogous ma 
terial was quickly seen to be a practical impossibility, 
but it was felt that satisfactory qualitative results could 
be obtained by the use of a cohesionless and less stable 
sand, since comparative rather than absolute data were 
desired. A design based upon conditions found to be 
satisfactory in this sand would be amply conservative 
when constructed in the tenacious material present at 
the site. 

To facilitate the reproduction and recording of river- 
bed topography, a profilograph was developed which was 
similar in a general way to those in use in other labora- 
tories, but embodied certain modifications. For ex- 
ample, a simple horizontal and vertical gear ratio was 
substituted for the more cumbersome pantograph. In 
an accompanying photograph, the instrument is shown in 
use. Field data were plotted in prototype dimensions 
on the profilograph sheets and automatically transferred 
in proper proportions to the model bed. Similarly, the 
measurement of the model bed after erosion had occurred 
was automatically recorded on the profilograph sheets in 
prototype terms. 


TRAINING-WALL AND CREST STUDIES 


Upon completion of the erosion studies, a further series 
of experiments was initiated on the 1:120 model for the 
purpose of improving the design of the spillway training 
walls. First consideration was given to the hydraulic 
properties of the walls. As originally proposed, they 
were of such length that considerable scour was produced 
by the eddies around their downstream ends. A small 
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Tue 1:120 West CorrerpAM DIvERSION MODEL, WITH THE 
FLoop PASSAGES FINALLY ADOPTED 


number of tests sufficed to establish a length of wall for 
which the amount of scour would be reduced to a satis- 
factory minimum. 

When the detailed structural designs of these walls 
were undertaken, it was found that no adequate data, 
either theoretical or experimental, were available as to 
the intensities of the unbalanced hydrostatic pressures 
to be expected. To provide the required information, 
one of the walls of the model was equipped with 64 
piezometers so located as to give the vertical pressure 
distribution at six different sections. The tests showed 
that pressure differences were much less than had been 
assumed. The consequent redesign resulted in a material 
saving in both concrete and reinforcing steel. 

A separate set of tests was made to assist in the design 
of the spillway crest and drum gate. The 28 by 135-ft 
drum gates necessitated the use of the unusually heavy 
vertical cantilever section shown in Fig.3. It was desired 
to determine a crest shape which would coincide as nearly 
as possible with the natural trajectory of a freely falling 
jet. A tentative design was based upon data obtained 
from the Bazin experiments for a 2:3 approach slope. 
To check these assumptions, a model of the upstream 
portion of the crest, with a sharp-crested weir at El. 
1,256.18, was constructed to a scale of 1:30. The lower 
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nappe of the jet was then measured with a coordinometer 
These measurements proved the trajectory to be in exce}. 
lent accord with that arrived at by theoretical design, 
The trajectory thus measured was approximated by , 
compound curve with three radii, as shown in Fig. 3(q) 
This crest was then incorporated in the model, and pres. 
sure measurements were made with various discharges, 

The pressure curves for the original design, Fig. 3(,) 
showed that a region of negative pressure was produced 
under all conditions of flow. The indications were that 
the curvature of the crest was too sudden near the down. 
stream edge of the drum gate. To eliminate this low. 
pressure region, the radius of the large curve was length. 
ened, the axis of the crest moved upstream, and a para- 
bolic curve introduced to connect the 66.25-ft curve to 
the 0.8 downstream slope of the spillway [Fig. 3()}. 
Subsequent testing of the revised section showed that the 
low-pressure zone no longer existed. After the revised 
design had been found satisfactory with the drum gate in 
the lowered position, additional measurements were 
made with the gate raised to provide pressure data for 
the structural design of the drum gates. 


CONSTRUCTION DIVERSION STUDIES 


Model studies have recently been completed to assist 
in the preparation of the diversion plans. These plans 
contemplated two major stages in the construction of 
the initial development of the dam. {In the first, which 
is now in progress, a cofferdam along the left bank con- 
fines the river, which here flows north, to its normal 
channel and protects the construction in the west coffer 
dam area. After the completion of this work, it is pro 
posed to shift the flow of the river into floodways provided 
across the newly completed work. This will be accom- 
plished by removing the present cofferdams and con- 
structing others across the present river channel to the 
right or east bank. 

The problem presented for solution was the deter 
mination of a combination of flood passages through the 
west cofferdam area which would carry a maximum flood 
flow with the least menace to the riprapped slope at the 
downstream side of the power house tailrace. For this 
purpose, a technique was adopted on the diversion model, 
built to a scale of 1:120, which would provide the utmost 
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and thus permit rapid changes in the combina- 
ood passages. This was accomplished by the 
: nerete blocks cast to simulate the actual blocks, 
+ pr vided with horizontal joints to facilitate removal. 
rhe pl tographs show the combination of flood passages 
‘nally adopted. In the course of these studies, velocity 
‘ ir traverses were made for comparing the merits 
ferent plans. In addition, the headwater and 
- elevations were recorded during each test as a 
iid to the construction engineer in determining 
e discharge during a flood. 
I» addition to the studies previously described, other 
nts are either contemplated or actually in 
Efficiency tests are now being made on a model 
‘a turbine, complete with penstock, scroll case, and 
iraft tube. Studies are in progress to assist in the design 
the sluiceways and their control gates. Additional 
studies have been made on the 1:120 model of the ulti- 
mate development to determine the necessity for addi- 
tional riprapping below the left tailrace. The present 
:-190 model of the west cofferdam area is being extended 
reproduce the entire initial development for further 
studies of flow conditions. 
These hydraulic model studies for the design of the 
Grand Coulee Dam by the U. S. Bureau of Reclamation 
were initiated under the immediate supervision of E. W. 
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View or West CorreRDAM DIVERSION MOopEL, SHOWING RIP- 
RAPPED SLOPE AND Power House FOUNDATION 


Lane, M. Am. Soc. C.E., research engineer, and are being 
continued under my immediate supervision. Design 
studies and investigations are under the direction of 
J. L. Savage, M. Am. Soc. C.E., chief designing engineer. 
Engineering and construction work is under the general 
direction of R. F. Walter, M. Am. Soc. C.E., chief 
engineer, and the activities of the Bureau are under the 
general charge of John C. Page, acting commissioner. 


Use of Models at Fort Peck Dam 


By Gait A. HatHaway 


MEMBER AMERICAN Society or Civit ENGINEERS 
Senror EncIneer, U. S. ENGINEERS, Missouri River Division, Kansas City, Mo. 


EVERAL models were employed in the design of 
the Fort Peck project and were the basis for im- 
portant improvements in certain features of the 
lesign. Hydraulic model studies were made of the spill- 
way, one tunnel and the control structures, the complete 
tunnel outlet works, and the dam proper. The spillway 
models will be discussed first. 
\ plan and an elevation of the concrete spillway are 
shown in Fig. 1. The broad-crested weir has an elevation 
[2,225 ft and a net length of 640 ft. Piers 12 ft wide 
support 16 fixed-roller vertical-lift gates, each 25 ft high 
nd 40 ft wide, that control the upper 5,500,000 acre-ft 
i storage. The piers have tapering vanes on the down- 
stream side extending 230 ft from the center line of the 
spillway crest, designed to reduce disturbances in flow 
below the gates. The discharge channel converges at 
varying rates from a width of 820 ft at the crest to 130 ft 
it the end of the lined section 5,200 ft downstream; a 
cut-off wall is provided at the end of the channel. The 
slope of the channel varies from zero at the crest to 5.2 
per cent 2,000 ft downstream and then remains constant 
to the end of the concrete lining, providing for a total fall 
ot about ) ft. 
lhe i. st model, and a second involving major changes, 
were constructed to a scale of 1:36 and required a maxi- 
mum discharge of 33 cu ft per sec. Later, the lower end 
ol the spillway was rebuilt to a scale of 1:25 for erosion 


Studies, requiring a maximum discharge of 82 cu ft per 
sec. The overall length of the model was about 300 ft. 
Primary objectives in the model studies were (1) to es- 
tablish the most efficient hydraulic design for the spillway 
structure, and (2) to determine the most efficient means 
1 dissipating the kinetic energy at the end of the spillway 
paving 





ESTABLISHING HYDRAULIC DESIGN FOR SPILLWAY 


A problem of considerable economic importance in- 
volved the allowance for freeboard to be provided in the 
side walls of the spillway. Any construction accentu- 
ating wave action would necessitate a greater freeboard 
allowance and would increase costs. Therefore, tests 
were conducted to ascertain the most efficient arrange- 
ment, length, and type of vanes and training walls for 
reducing turbulence downstream from the gates. The 
most satisfactory flow conditions were obtained with 
vanes extending 230 ft downstream from the crest. The 
piers tapered from a width of 12 ft at the crest to 1l ftata 
point 44 ft downstream, and the vanes tapered from the 
latter width to a 2.5-ft bottom width 230 ft from the 
crest. Model tests indicated that training walls down- 
stream from the vanes were not required. 

Operation of the spillway with a number of gates 
closed resulted in the formation of standing waves of 
greater height than with all the gates discharging. Con- 
sequently, experiments were made to ascertain the best 
plan of operation if it should be found necessary to oper- 
ate with certain gates closed. Wave action was at a 
minimum when the quantity discharged was broken up 
into comparable sections on each side of the spillway, and 
when the manipulation of the gates was synchronized 
during the opening and closing process. Under normal 
operating conditions, the same quantity of water will be 
released from each gate. 

It was learned from experiments that abutments con- 
structed to simulate half of a pier produced a more sym- 
metrical flow than straight-wall construction, and occa- 
sioned less wave action in the lower part of the discharge 
channel. Moreover, the same quantity of water was dis- 
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charged with a lower head above the crest. Accord- 
ingly, in the design of the prototype the half-pier type of 
abutment was incorporated. 

Measurements of water-surface profiles in the spillway 
channel were made for the maximum rate of discharge. 
The data were not directly transferable, but a check on 





Tue 1:25 Spmtway Mopert, SaHowrnc Best ARRANGEMENT OF 
Apron, Prers, AND DENTALS FOR CONTROLLING EROSION 


the method of computing the profile for the prototype 
was afforded. A profile was computed for the model in 
the same manner as for the prototype, and the results 
were checked against data obtained from model experi- 
ments. The results checked well within the limits of 
experimental accuracy. 


STUDYING DESIGN OF STILLING BASIN 


Efforts towards the second objective involved a study 
of the effects of erosion under model discharge on a chan- 
nel formed in fine gravel at the outlet of the spillway. A 
number of different forms and arrangements of baffle 
piers, dentals, and sills were tested to determine their 
efficiency in reducing erosion at the end of the spillway. 
Although the stilling-basin design developed from the 
model studies was not ultimately considered the most 
practical and economical plan for the Fort Peck spillway, 
the results of the tests are of interest and may be of value 
under other circumstances. 

A preliminary test was run with the slope of the spill- 
way channel set at 5.2 per cent. Turbulent conditions 
existed at the end of the concrete lining and downstream 
for a distance of about 8 stations, where the water surface 
reached a maximum ele- 
vation. As the down- 
stream velocity of the 
water decreased, the Discharge Channet. [hurr 
water near each side of ras 
the main stream exhib- 
ited a tendency to flow 
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locity was reduced and a bar formed in the channel, }; 
was apparent that in order to control erosion, the high 
point in the water-surface profile should be moved up- 
stream as far as possible and paving provided from that 
point to the end of the spillway channel. 

The maximum discharge and velocity expected in the 
prototype are 255,000 cu ft per sec and 100 ft per sec 
respectively. The discharge channel will be 130 ft wide 
at the downstream end. A stilling basin capable oj 
reducing the velocity of this quantity of water to less than 
scouring values without the use of some type of baffie 
piers would require a length and depth of such magnitude 
as to be very expensive. Moreover, tests indicated that 
without baffle piers the most efficient basin for the maxi. 
mum rate of discharge was unsatisfactory for low and 
intermediate rates of flow. Consequently, tests were 
instituted to determine the best type and arrangement oj 
dentals and baffle piers to spread the water near the end 
of the spillway channel and to form a hydraulic jump 
within a paved apron section. 

Model tests indicated that the most efficient design 
should have the following features: A slope of 25 per cent 
for the lower 200 ft of spillway channel; a level apron 
130 ft wide at the junction with the spillway channel and 
200 ft wide at the downstream end, having a length of 300 
ft and an elevation 45 ft below the bed of the river: side 
walls of the apron section warped uniformly from the 
slope of the spillway side walls to the slope of earth ma- 
terial downstream; three baffle piers resembling tri- 
angular truncated pyramids, one having a base of 40 ft 
and sides of 53 ft placed with the apex upstream 25 it 
from the upper end of the apron, and two having bases 
and sides of 35 ft placed symmetrically 42 ft each side of 
the center line of the apron and 46 ft below the first pier; 
a 9-ft dental at the lower end of the apron and a 5-ft 
dental on the 25 per cent slope 60 ft from the upstream 
end of the apron. This type of structure completely 
eliminated erosive action below the apron of the model 
with the maximum rate of discharge, and was very satis- 
factory with the lower rates. The 5-ft dental diverts the 
water upward sufficiently to cause it to strike the first 
“splitter” pier well above the base and prevents the 
water from deflecting off the flat apron in a sheet. The 
three piers act to check the velocity of the water and t 
split the stream, causing the flow to fill the apron chan- 
nel. The 9-ft plain dental at the lower end of the apron 
deflects the water upward near the bottom, has a tend 
ency to counteract the downward velocity component of 
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the water passing over the piers, and also forms a roller 
jyst downstream from the apron that draws material 
upstream to the dental. The velocity distribution in the 
fow leaving the apron is desirable, as the higher veloci- 


ties are near the surface in their normal position. 


TUNNEL MODEL HELPS IN FLOW STUDIES 


The four diversion tunnels vary in length from about 
-9\) to 7,000 ft, and have a maximum discharge ca- 
pac ity of about 20,000 cu ft per sec each. About 2,000 ft 
from the intake, the 24-ft 8-in. tunnels divide into two 
passages that gradually contract to openings 8.7 ft in 
width, and 17.1 ft in height (Fig. 2). Each passage is 
provided with a tractor-type vertical-lift gate for emer- 
sency control purposes. Downstream from the emer- 
vency gates, the two passages enlarge gradually and 
terminate in the annular space between two cylinders of 
the main control tower, the distance between the walls of 
the two cylinders being 6.5 ft. The inner cylinder con- 
tains six bell-mouthed ports, each 7.7 ft wide by 9.1 ft 
high, through which the water enters the inner tower and 
thence flows into the downstream tunnel. A 27.6-ft 
cylinder gate is provided for closing the ports and will be 
used exclusively for regulating the flow through the 
tunnel. 

\ model of one tunnel and the control structures was 
constructed of transparent celluloid, as shown in one of 
the photographs, so that flow conditions could be ob- 
served during tests. The scale of the model was 1:52, 
and the maximum discharge 1.1 cu ft per sec. The 
purposes of the model studies were (1) to investigate the 
behavior of flow with various methods of gate operation, 
reservoir levels, and rates of discharge to detect condi- 
tions that might be detrimental to the prototype struc- 
ture; and (2) to derive coefficients for use in checking the 
computation of head losses in the control structures. 

Much of the information derived from the tunnel- 
model experiments was of a general character, but valu- 
able in determining the final design. Tests demon- 
strated the need for air vents just downstream from the 
emergency gate openings to relieve negative pressure 
when the emergency gates were partially closed, as well 
as the importance of synchronizing the manipulation of 
the two gates to minimize surging in the outer tower of 
the main control shaft. The transitions from the emer- 
gency gate openings to the annular section of the outer 
tower were improved, and the positions of the six ports of 
the cylinder gate were rotated 15 deg to provide a better 
approach for the flow. Bell-mouthing of the ports per- 
mitted a reduction in area without a loss in efficiency, and 
a 2-{t reduction in the diameter of the inner cylinder of 
the main control tower improved flow conditions in the 
outer tower and resulted in a substantial reduction in 
construction costs. A second cylinder gate located 80 ft 
above the first was found unnecessary for satisfactory 
operation of the reservoir. 


STUDYING EFFECT OF AIR IN MAIN CONTROL SHAFT 


The most objectionable flow conditions revealed by 
model tests occurred with intermediate rates of discharge 
and were caused by air entrained by the water as it 
entered the inner cylinder of the main control shaft. 
When the tunnel was discharging at its maximum ca- 
pacity, the resistance in the tunnel downstream from the 
cylinder gate tower was great enough to sustain a column 
0! water above the elevation of the cylinder gate ports, 
lorming a pool in the inner tower and preventing the en- 
trainment of air by the water flowing downward. How- 
“ver, as the discharge was reduced, the submergence of 
the ports became less until the water issuing from the 





ports was exposed to the air in the inner tower. The air 
was then drawn into the flow and carried downward into 
the lower tunnel, where it separated from the water and 
collected along the top of the tunnel under considerable 
pressure. After moving downstream to a point where 
the pressure resisting the flow became less than the 
pressure of the air, the air broke through and escaped 
through the downstream tunnel. This sudden release of 
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Fic. 2. Secrions oF ConTROL SHAFT, PRELIMINARY DESIGN, 
TUNNEL Mopet No. 2, Fort Peck Dam 


pressure resulted in excessive surging and unstable pres- 
sure conditions. When the discharge became so low that 
the entrained air was discharged continuously at the 
tunnel outlet, no unusual disturbance was produced. 

Two plans for improving flow conditions in the tunnel 
with intermediate rates of discharge were investigated. 
The first plan provided for continuous removal of the 
entrained air by vents at a point near the main control 
shaft, thus preventing its sudden release farther down- 
stream; the second plan involved sealing the inner tower 
to prevent the initial entrance of air. 

The vents referred to were simply cylindrical chambers 
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installed in a vertical position on top of the tunnel to 
collect the air entrained at the inner tower after it had 
separated from the water. Two vents having diameters 
equal to three-fourths the internal diameter of the tunnel 
were required to materially reduce surging in the flow, 
one vent 130 ft from the main control tower and the other 

400 ft farther down- 


Values of Coefficient, K stream (prototype 
0.6 0.5 04 03 : : . 
100 , - — dimensions). In 





view of the results 
obtained in the 
model tests and the 
expensive construc- 
tion involved, the 
vents were not con- 


80 
’ sidered justifiable. 
. By sealing the 
» 70 top of the inner 
: cylinder of the 
5 main control shaft, 
w 60 contact between 
|_| the atmosphere and 
. l the water entering 
3 50 t—+—+ the inside tower 
2 pai was prevented; 
S consequently, en- 


oll" TT TT TO taint «Gt oa 
was eliminated. 
Obviously, the im- 
sent bean aie Kye provements ac- 
i | | # complished by seal- 
ing the inner tower 
one "ane ans jag pertained only to 
Coefficient of Discharge, C th e intermediate 
rates of discharge 
previously affected 
adversely by the 
, entrainment of air. 
As Determined for Tunnel Model No. 2 An interesting phe- 
nomenon was wit- 
nessed, in model tests conducted with the inner tower 
sealed, as a result of the partial vacuum formed in the in- 
ner cylinder through the removal of air by the flowing 
water. These vacuums amounted to as much as 2 ft of 
water in some tests. Their formation added to the ap- 
parent reservoir level a part of the atmospheric head of 34 
ft, and resulted in a greater discharge than would occur 
under the same conditions with the inner tower unsealed. 
However, the vacuum was formed only when the cylinder 
gate ports were not completely submerged inside the inner 
cylinder by backwater from the downstream tunnel, and 
consequently occurred only with the intermediate and 
lesser rates of discharge. No practical importance was 
attached to the increase in discharge under such condi 
tions, but the reduction of the surging in the tunnel for 
intermediate rates of discharge was considered bene- 
ficial. The provision of valves for admitting air into the 
inner tower was believed to be advisable in view of the 
difficulties encountered under some conditions. 
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Fic. 3. COEFFICIENTS FOR LOWER 
CYLINDER-GATE PORTS WITH INNER 
TowER UNSEALED 


MEASURING HYDRAULIC LOSSES 


Hydraulic gradients were measured in approximately 
300 experiments, and the head losses in different sections 
of the model were computed in terms of K /,, in which h, 


equals the velocity head in the main tunnel, or 5~. The 
, g 


results obtained were consistent within the range ex- 
pected in this order of experimental work. The loss in 
the emergency gate structure was also determined by 
removing the structure and substituting a straight pipe 





Vou. 6, No. I 
in the model. Although there is always consi lerable 
uncertainty involved when model results are applied ¢, 
large-scale structures, it is believed that the mode! tes; 
furnished an excellent guide for a modified analytical 
determination of the probable hydraulic losses in th, 
prototype. Although the coefficient K in the loss equa 


tion, 4; = > generally decreases with in reasing 
Reynold’s numbers, it has been shown by experimenter: 
that the change is small when the Reynold’s numty- 
exceeds about 225,000. Since the Reynold’s number fo, 
the model was 302,000 for the maximum discharge, . 
was assumed that bend and turbulence losses encountere: 
with the higher rates of flow could be transferred from the 
model to the prototype in terms of Kh, with but mino, 
restrictions. Therefore, general formulas were used + 
subdivide the average overall losses in various parts oj 
the model in order to ascertain the extent of their applica 
tion to the conditions, and in some cases to determine thy 
approximate value of the empirical constants involved. 


TABLE I. HypRAvLIc Losses In Mopet or MAIN Conrrot SHapy 


Loss Ire LOCATION AS SHOWN IN Fia. 2 Heap Loss ry } 
1 Section H-H to Section E-E 0.16; 
2 Section E-E to Section D-D 0.4294 
3 Section D-D to entrance of cylinder gate ports 0 
4 Entrance of cylinder gate ports to Section K-K 


(ports fully open) 2.52) 


weele es : 3.434 


Special attention was given to the determination 
hydraulic losses in the control towers. Average values 
derived experimentally for different parts of the model 
structures are given 
in Table I. 

Applications of 
suitable formulas 
indicate that losses 
due to contraction 
and friction are 
relatively small in 
Item 1 of Table I, 
the major part of 
the 0.16 hk, loss 
probably being oc- 
casioned by turbu- 
lence resulting 
from division of the 
flow into two water 
passages as shown 
in section B-B of 
Fig. 2. 

The loss in Item 
2 may be attributed 
(a) to sudden con- 
traction at the 
emergency gate 
openings, and (db) 
to gradual enlarge- 
ment from the area 
of the emergency 
gate opening to the +... Mrope.-or TuNNEL AND CONTE 
area of section D-D. SrructuRES PROvED HELPFUL ! 
Brightmore’s form- Srupvinc FLOW 
ula for sudden con- 
traction, derived from experiments with 6-in. pipes 
sudden contractions to 3 and 4 in., gives the loss due t 
contraction as 
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uting for V; and V2 in terms of V, the mean ve- 
_ a full section of the tunnel, gives the loss under 
as 


ro 
2 


0.7 (1.73 — 1.17)? - = 0.22h,......... [2] 


formula suggested by Andres for the loss due to 
»larvement and friction in a conical transition may be 


wi 
Vi2 — Vs? 
| ho sate [3] 
2g 
Substituting for V; and Vin terms of V and estimating f 


vives the loss under Item 2()) as 


r 


0.10 (3.01 — 1.01) - = 0.20h, ........ [4] 


rhe sum of Items 2(@) and 2(0) is then 0.42 h,, the value 
derived from model experiments. The coefficient of 0.7 

Eq. 1 should be increased to unity for large-scale 
structures. 

[he loss indicated by Item 3 strictly applies only to 
that part of the water passage for which it was derived. 
However, Eq. 3 may be solved for f and this coefficient 
used in solving for an approximate value of the head loss 
in structures closely resembling the water passage be- 
tween section D-D and the cylinder-gate ports. The 
square of the velocity at the entrance to the cylinder-gate 
ports, in terms of the velocity in a full section of the 
tunnel, is 0.32 V2, and the square of the velocity at section 
D-Dis 1.01 V*. Then 


0.33 
i= aa 6 * 
(1.01 — 0.32) 
rhe six cylinder-gate ports may be treated as a single 
orifice and the loss at the ports under Item 4 expressed as 


eee [5] 


The ratio of the mean velocity head at the cylinder-gate 
ports at a point just inside the inner tower, to the ve- 
locity head in the tunnel is equal to the inverse ratio of 
the squares of the respective areas, or the loss at the ports 
equals 


in which A, and A, equal the areas of the tunnei cross- 
section and the cylinder gate openings, respectively. 
Values of K, for partial openings of the lower cylinder 
gate of the model are shown in Fig. 3. The loss in the 
cylinder-gate ports of the model was 0.50 h, when the 
ports were fully open. 

When the tunnel is discharging at a rate great enough 
to cause backwater from the tunnel downstream to rise 
above the cylinder-gate ports, a loss results from the 
sudden enlargement of the water passage from the area 
ol the port opening to the area of the tunnel cross-section. 
(his loss due to enlargement is, approximately, 


This enlargement loss was negligible (0.02 h,) when the 
cylinder gate was fully open, but was appreciable when 
the ports were partially closed. Discharges that are 
entirely controlled by the resistances upstream from the 
inner tower obviously will not be affected by this enlarge- 
ment loss. 

In the model studies, the overall loss from the cylinder- 
gate port entrances to section K-K was determined from 





A 1:70 Mopet oF THE OUTLET STRUCTURE 


Paved Sections Were of Pressed Wood; Excavated Channel of 1:8 
Cement and Loess 


measurements of the hydraulic gradients. It was found 
that by subtracting the port loss and enlargement loss, 
computed as previously explained, from this overall loss, 
a fairly constant residual value was obtained that ap- 
parently represented the turbulence and bend loss in the 
90-deg elbow of the main control tower. An average 
value of 2.00 h, was computed from the test data. Later 
a series of tests was run with the control structures re- 
moved from the model and replaced by a straight pyralin 
pipe in order to determine the influence of the control 
structures on losses in the tunnel immediately down- 
stream. No important difference in loss was evidenced 
in these tests, however. 


TESTS ON TUNNEL-OUTLET MODELS ARE STILL 
IN PROGRESS 


The outlet structure consists principally of a level con- 
crete apron placed on firm shale at the elevation of the 
bottom of the tunnel outlet portals, with retaining walls 
at the sides high enough to provide for the maximum 
level of tailwater. To study flow characteristics under 
critical conditions of discharge, tailwater elevation, and 
with various tunnels operating, a model was constructed 
to an undistorted scale of 1:70. A number of plans for 
improving flow conditions have been investigated, but 
tests are still under way, and definite conclusions have 
not been reached. 

In connection with studies to determine the suitability 
of the various soils available at the site of the Fort Peck 
Dam for building an earth-fill structure, and to aid in the 
design of a stable section for the dam, nine model earth 
dams were built. Six of the mddels were constructed of 
Missouri River valley alluvium, a silt sand. This ma- 
terial was sluiced into the model flume from elevated 
mixing tanks in imitation of hydraulic dredging. Two 
other models were constructed from a clayey glacial till 
by modern rolled-fill methods, and a final model was con- 
structed of the same materials that are now being placed 
in the prototype. Observations were made on all earth 
models to determine the position of the line of saturation, 
rate of seepage, stability, and mechanical distribution of 
material. 
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MEADOWBROOK CAUSEWAY BRIDGE OVER THE STATE Boat CHANNEL 


Long Island State Parks and Parkways 


A Comprehensive System of Traffic Arterie 


Sf Gwes Access lo Attractive Recreation Areas 


By Stoney SHAPIRO 


AssociATe Memper AMERICAN Society or Civit ENGINEERS 


Assistant Cuier EnNGiIneerR, Lone Istanp Strate Park 


MBRACING 


water frontage 


HYSICALLY, Long Island re- 
sembles a giant fish, with its 


Commission, BeLtMont LAKE STATE Park, BaByton, N.Y. 


almost all the salt- system of parkways and highways, 
of the state of New opens up an entirely new route be- 


mouth in New York Bay. York, and with its western extremity tween Long Island and the Bronx, 





One hundred and twenty-two miles 
long, it stretches from Ambrose 
Channel to Montauk Point. It is 
about 25 miles across at its widest 
part. Two ranges of hills, averag- 
ing 150 ft in height, provide topo- 
graphic relief for the two easterly 
flukes forming the tail of the fish. 
Gradually, these ranges converge 
and finally come together north of 
the center of the island, reaching a 
maximum height of 426 ft. They 
then continue westward together to 
a point near the New York City line. 
Here the moraine winds along to 
the Narrows in Brooklyn, in places 
reaching a height of about 300 ft. 
South of these ranges the terrain 
is fairly level and dips toward the 
sea. From a gently sloping plain, 


forming an integral part of New York with a connection to Manhattan. 


City, Long Island is ideally situated for 


recreation of dwellers in the metropolitan 
area. The Long Island State Park 
Commission now administers 15 state 
parks, all but one of which have been 
created since 1924. It has also completed 
about 85 miles of state parkways, in- 
cluding 132 grade-separation structures. 
The largest park is the 6,000-acre Jones 
Beach development, established on a sand 
reef on the south shore of Long Island 
about 30 miles from ‘the city, at a cost 
of $15,000,000, including 32.5 miles of 
parkways, 22 bridges, and 10 pedestrian 
underpasses, in addition to the buildings 
and recreational facilities. Mr. Sha- 
piro also discusses in some detail the en- 
tire parkway system on the island, both 
existing and proposed. In planning 


STATE COUNCIL OF PARKS CREATED 


In 1923, New York State em- 
barked on a comprehensive state- 
wide plan for the scientific devel- 
opment of a unified system of parks 
and parkways. The plan was 
founded on the report of an unoffi 
cial committee of citizens interested 
in the principles of state park plan- 
ning, which completed an investi 
gation of conditions then existing 
and recommended to the legislature 
the broad concept of a new state 
park system. To make the plan 
operative, the legislature in 1924 
created the State Council of Parks 
with Robert Moses as chairman 
The Council, which acts in a super- 
visory capacity, is in reality, a cen 


the land gradually passes into a salt these wide arteries with their ornamental 


marsh enveloping a number of broad —stone-faced crossing structures, land- tral planning agency and clearing 
shallow bays. The outer beach on  scaping and other esthetic considerations house for the park developments oi 


the south shore, except at the east played an importa 
end, is made up of a series of long, 

narrow, sand reefs, separated at intervals by ocean inlets. 
Che easterly beaches are principally gravel headlands, 
resulting from glacial deposits and the littoral movement 
which carries sand steadily from east to west. The north 
shore of the island is rugged, precipitous, and deeply 
serrated, with long, narrow valleys and streams. The 
plains between the double range of hills are fairly level, 
and are marked here and there by small streams and 
ponds, and by circular depressions known as kettleholes. 
The land has a glacial appearance and at one time was 
heavily timbered. 

On the westerly end of Long Island resides over half 
the population of the City of New York and one-third 
the population of the entire state. In the four counties 
of Kings, Queens, Nassau, and Suffolk, of which the first 
two are part of New York City, a total of 4,500,000 per- 
sons make their homes. A vast network of bridges, 
highways, and tunnels link Long Island closely with Man- 
hattan; and the Triborough Bridge, with its connecting 


nt role. the state. In organizing, the Coun 
cil consolidated the 42 assorted 
agencies which at that time administered the various 
complex holdings of the state, comprising public gath 
ering places, museums, parks, and historic sites; and 
instead, divided the state into 11 regions, of which 
Long Island forms one. Through the various regional 
park commissions, the Council today administers a sys 
tem of 70 parks which extend from Lake Erie to Jones 
Beach, and provide recreation for about twenty-thre: 
million visitors annually. -. 
The Long Island State Park Commission, a regioma! 
member of the State Council of Parks, was created )) 
the New York State Legislature in 1924 to provide for th 
location, acquisition, and improvement by the state ol 4 
park and parkway system on Long Island. At that time 
out of a total combined area in Nassau and Suffolk coun 
ties of 864,000 acres, there was only one pa.k under 
state supervision. This was Fire Island Stat: ‘Park 
118 acres in extent, located out on the barrier Deach 
where it was accessible by boat only. It should be bom 
746 
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in mod that it is not unusual for a city, county, or 
metr politan area to set aside from 5 to 10 per cent of its 
total urea for park and playground purposes and public 
open spaces. On Long Island, large areas in undivided 
ownership were rapidly disappearing, particularly shore- 
front properties. As the population grew and the num- 
her 0) suburban dwellers increased, the area of open space 
and sore front diminished. Encroachment by private 
interests upon what should be public 
land became more marked. This situ- 
ation was accurately described and the 
keynote of the Long Island program 
sounded by Robert Moses in “The 
State Park Plan for New York” in 
1993 

[here is a current theory that 
there is an inherent conflict in suburbs 
of great cities between the demands of 
the public for parks and parkways and 
the vested rights and interests of local 
residents and owners of large estates 
who have already preempted most of 
the best locations. There is no such 
conflict. Asa matter of fact, the best 
interests of local property holders are 
served by intelligent long-term plan- 
ning for public facilities, not only be- 
cause parks and parkways belong to 
the local people five days in the week, 
but also because it is only by such 
planning that local residents can pre- 
vent overcrowding of roads, trespass- 
ing on private property, and other re- 
sults of the irresistible pressure of the masses to reach 
the shore and the countryside. The program which is 
proposed on Long Island will protect the landscape, 
provide for the public, and prevent private owners 
irom being overrun by making adequate provision for 
public facilities. It does not matter whether this sub- 
ject is approached from the point of view of conserva- 
tion of natural resources, national health and efficiency, 
or enlightened selfishness—the paths all lead to the same 
conclusion.’ 


ae - 


OBJBCTIVES OF THE PARK AND PARKWAY SYSTEM 


In formulating the general park and parkway plan for 
Long Island, there were two objectives: First, the es- 
tablishment of a parkway system to furnish access to the 
individual parks from congested centers of population 
and to provide for travel between New York City and 
Long Island on attractive routes without interference 
irom commercial traffic; and second, the acquisition of as 
much land as possible on Long Island, particularly 
along the shore, in order to provide the maximum of park 
property for future public use. 

(he Long Island park and parkway system today is 
20,080 acres in extent (Fig. 1), embracing 15 parks lo- 
cated along both the north and south shores of the island 
and in its interior. The huge Jones Beach project and 
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the 1,374-acre Bethpage Park, the newest addition to the 
system, together with Hempstead and Valley Stream 
state parks, are all within an hour's drive by way of the 
parkways from some of the most congested sections of 
New York City. A half-hour’s drive further east are 
Sunken Meadow, Belmont, and Heckscher parks, located 
near the west end of Suffolk County. The most distant 
parks are Wildwood, Orient, Hither Hills, and Montauk, 


BaASCULE BripGE CARRYING THE WANTAGH STATE PARKWAY FROM THE MAINLAND 


TO JONES BEACH 


the so-called nature parks, extending out into the ex- 
treme east end of Long Island. Last year five and one- 
half million people visited these parks. 

Manifold problems are involved in the operation of 
facilities in a system of this size. These include not only 
the conventional engineering problems of providing po- 
table water supplies, sewage-disposal facilities, adequate 
parking areas, playgrounds, and the various other stand- 
ard park facilities; but also involve the solution of inci- 
dental problems and the promulgation of rules for zoning, 
policing, employing personnel, establishing ordinances, 
and many other complex phases of park operation. 

The history of Jones Beach merits special mention, 
since it typifies on a large scale the problems encountered 
in the development and expansion of the entire system. 
Of this state-owned and state-operated ocean-front re- 
sort, H. G. Wells, in his Work, Wealth and Happiness of 
Mankind, says, “It is one of the finest beaches in the 
United States, and almost the only one which has been 
designed with forethought and good taste.”’ 


MODEL PARK CONSTRUCTED AT JONES BEACH 


From the very beginning of the Long Island park 
movement, recognition was given by the Commission to 
the lack of an accessible publicly owned and operated 
ocean-beach park, not only for the pleasure of holiday 
seekers from New York City, but for the entire metro- 
politan area as well, including the rapidly growing Long 
Island counties. 

In view of the outstanding advantages of Jones Beach 
as far as natural topography, extent of beach, and prox- 
imity to New York City were concerned, the desirability 
of its acquisition and development for the use of the 
public was obvious. With accessibility ensured, its 
recreational possibilities would be unlimited. The land 
was owned by the townships in which it was located. 
With the goal in view of establishing an ocean-front park 
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within 30 miles of New York City, the Commission se- 
cured control of the land, by vote of the townspeople, 
with the result that over 6,000 acres of beach, meadow, 
and land under water were turned over to the state for 
park development. 

The first causeway to Jones Beach State Park, running 
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Wipe, Lonc-Raprus Curves WERE USED AT THE INTERSECTION 
OF THE MrADOWBROOK CAUSEWAY AND THE LONG BEACH SPUR 


from the mainland of Long Island at Wantagh, was 
opened to traffic in the summer of 1929 (Fig. 2). This 
parkway, which is 5 miles long, consists principally of 
hydraulic fill connecting the group of meadow islands 
along the route, with bridges over the navigable channels. 
To procure the 2,000,000 cu yd of material necessary for 
the foundation fill, a channel was dredged from the main- 
land to the beach, parallel to the causeway. 
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The bridges, of concrete pile-bent construction, were 
built at a cost of approximately $5 per sqft. The bridge 
nearest the mainland is 100 ft long, with a vertical clear. 
ance of 15.6 ft at low water. The next bridge, cr ssing 
what was then the principal boat channel, is 520 it long 
between abutments, and is provided with a 75-ft clear. 
span double-leaf bascule, with a clearance when closed of 
23.6 ft above mean low water. The third bridge is 575 
ft long, with a center clearance of 17.6 ft above low water. 
Each bridge has a 6-lane roadway and two 5-ft sidewalks 
The present causeway pavement is 40 ft wide. The totaj 
cost of construction, including bridges, was approxi. 
mately $1,900,000. 

In 1934, a second wide motor causeway, known as the 
Meadowbrook Parkway, was completed across the 
marshes from Freeport to the westerly end of Jones Beach 
State Park. This causeway was built by the Long Island 
State Park Commission, acting as the Jones Beach State 
Parkway Authority, and was financed by a $5,050,000 
loan obtained from the Reconstruction Finance Corpora- 
tion. Under this project, the Long Beach Loop Cause- 
way was completed, as well as a second entrance to 
Jones Beach. This branches off from the main causeway, 
swings in an are back of Jones Beach, and connects with 
the principal thoroughfare to the city of Long Beach and 
points west. 

Six additional bridges over navigable channels were 
built under the new project, including two bascule 
bridges. Concrete piles up to 95 ft in length were driven 
for the trestle approaches. Individual piles weighed 30 
tons in many cases. The work of casting, handling, and 
driving the 1,726 concrete piles in this project was carried 
on throughout one of Long Island’s severest winters. In 
addition to the six channel bridges, there were erected 
three stone-faced elliptical-arched grade-separation struc- 
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liminating grade crossings at the north and south 
the main causeway and also at its intersection 
e Long Beach connection. The latter structure 
n in one of the photographs. 
de ocean parkway has been completed for 17 
mi long the beach proper. Monumental brick and 
xt tructures at Jones Beach provide bathhouse ac- 
dations for 15,000 persons. Restaurants, swim- 
mi ols, a mile-long boardwalk, and 
76 s of concrete parking areas are 
the other features (Fig. 3). Be- 
ides the beaches on the ocean side, 
which are available for surf bathing, a 
vater bathing beach has been de- 
i on the bay side. Bordering 
the elopment on the north runs a 
(\-mile boat channel. The entire im- 


provement of Jones Beach State Park, 
‘including the Ocean Parkway and the 
two causeways connecting with the 


mainland, represents an expenditure of 
$15,000,000. 

Completion of the Reconstruction 
Finance Corporation project made 
Jones Beach State Park accessible from 
iwo points on the mainland and from 
the easterly end of Long Beach. This 
rounded out the development of Jones 
Beach as far as the westerly section 
was concerned. At the extreme east- 
erly end of the long narrow beach, an- 
ther connection with the mainland 
will be built, as shown in Fig. 2. This 
is the proposed third causeway from 
Captree Island to the mainland east of 
the village of Babylon. Incorporated within the Captree 
Causeway will be a 7,900-ft structure over Great South 
Bay. Thus, the formerly unknown and inaccessible 
strip of beach land will be hooked up with the mainland 
it each end of its 17-mile length, providing a continuous 
nd unbroken parkway drive along ocean and bay. 


SOME ADVANTAGES OF PARKWAYS 


Parkways, like parks, can be planned and built so that 
they combine sound engineering and good taste. A wide 
landscaped parkway without crossings at grade and with 

nly limited access will carry, without inconvenience or 
crowding, three or four times as many cars as the con- 
entional highway of equal pavement width. This is 
primarily due to the elimination of left-hand turns and 
relief from the stopping and starting which result from 
trathie lights. Thus, a parkway provides enjoyment for 
many more people on one thoroughfare by the compara- 
tively simple device of careful selection of site and proper 
planning of construction to afford a route which is at- 

e and protected, instead of one which is unsightly 

id unrestricted. In effect, a parkway is a narrow land- 
scaped park with a pavement for motor vehicles running 
through it. Crossings at grade are eliminated and access 
is aflorded only at fixed and specified entrances, which 
ire spaced a considerable distance apart and are not 
pposite each other. The average width of a parkway 
ight ol way is about 300 ft, depending on topography, 
id other factors. 
here are at present on the Long Island parkway sys- 

ornamental stone-faced bridges separating 
grad rhese are designed not only for strength but 
‘or appearance. The architect and the landscape archi- 

part along with the structural engineer in de- 
‘igning the structures and preparing the plans. The 
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concrete pavement for the roadway proper is treated 
with coloring matter so that the white glare normally 
associated with concrete surfaces is eliminated. The 
modern parkway pavement presents an appearance that 
blends in as harmoniously as circumstances will permit 
with the surrounding park-like appearance of the territory 
through which the route passes. Other considerations, 
such as lights and light poles, walks, trails, planting, and 





ES Beacnw STATE PARK, SHOWING BEACH, PARKING AREAS, 
AND ENTRANCE FROM WANTAGH CAUSEWAY 


landscaping are all as integral a part of the parkway 
construction as are the bridges and concrete roadways. 
Today, the parkway system on Long Island represents 
one of the most comprehensive networks of automobile 
arteries in existence. From the breaking of ground on 
one of New York City’s water supply properties a decade 
ago along the south shore of Long Island, the system has 
been developed until it handles 18,000,000 vehicles a 
year. It now extends from the Triborough Bridge 
approach in northern Queens County to the end of the 
Ocean Parkway on the south shore of Suffolk County, 
and comprises 85 miles of completed parkway. Funds 
for construction were obtained through state and federal- 
aid highway appropriations, supplemented by loans from 
the Reconstruction Finance Corporation and the Public 
Works Administration. Rights of way were provided by 
Nassau and Suffolk counties, by the City of New York, 
by dedication, and in a few instances by direct purchase. 


PRINCIPAL PARKWAY ARTERIES 


Basically, the framework of the Long Island parkway 
system consists of a principal artery along the north- 
erly part of the island and a second along the south. 
The first, known as the Grand Central—Northern State 
Parkway, runs through one of the most heavily popu 
lated sections in the country, in Queens and Nassau 
counties. Beginning at the Triborough Bridge approach 
at St. Michael's Cemetery, Astoria, the Grand Central 
Parkway swings along the edge of Flushing Bay to 
Northern Boulevard; down through the Flushing 
Meadows, site of the proposed 1939 World's Fair, to Kew 
Gardens; and then east along the backbone of the island 
to the Nassau County line. From this point it continues 
as the Northern State Parkway east to its present termi- 
nus at an intersection with the Jericho Turnpike, about 
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A TypicaL View ON A LONG ISLAND STATE PARKWAY 


one-third of the distance through Nassau County. The 
total length from the Triborough Bridge approach to the 
present easterly terminus is 20 miles, all of which is com- 
plete and open to traffic. A 5-mile spur, the Inter- 
borough Parkway, provides a connection between the 
Grand Central Parkway and a series of important thor- 
oughfares in Brooklyn converging at Pennsylvania and 
Jamaica avenues. All told, the Grand Central—North- 
ern State Parkway, with the Interborough connection, 
consists of 25 miles of pavement with a minimum width 
of four lanes, and includes 68 grade-separation bridges, 
all but four of which are granite-faced structures. This 
parkway carried thirteen million vehicles in the 12 
months from August 1935 to August 1936. 

From the present easterly terminus of the Northern 
State Parkway in Nassau County, most of the right of 
way has been obtained for an extension easterly through 
the rest of Nassau County and for about 10 miles in 
Suffolk County, where a connection (Fig. 2) will be made 
with the proposed cross-island parkway connecting 
Sunken Meadow State Park on the north shore with 
the Ocean Parkway on the south. 
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The second major artery in the Long Island system js 
the Southern State Parkway. To date, this parkway has 
been completed from the Sunrise Highway at Laure}: mh 
in the extreme southeasterly corner of Queens, through 
Nassau County into Suffolk County, where it terminates 
at present a few hundred feet across the county line 
The total length of completed parkway is 24 miles, and 
there are 37 grade-separation structures. Extension of 
the Southern State Parkway is under way on both the 
east and west ends. The work on the west end consists 
of the conversion of the present Sunrise Highway into a 
genuine parkway, with a further extension ultimately 
along the south shore of Brooklyn by way of Marine Park 
to a connection with the Shore Parkway, now under con- 
struction at Fort Hamilton. On the east end, the 
Southern State Parkway extension involves completion 
of the parkway to the cross-county connection from 
Sunken Meadow State Park to Captree Island State 
Park. A short spur, the Bethpage Parkway, has just 
been completed and connects the Southern State Park- 
way with Bethpage State Park. 

At Meadowbrook State Park and at Wantagh along 
the Southern State Parkway, spurs to the south extend 
across the bay to Jones Beach State Park, as previously 
mentioned. The Jones Beach system, embodying the 
Meadowbrook and Wantagh parkways and the Ocean 
parkway, is 32'/2 miles in length. 

Coordination of the various state and city agencies 
participating in the program is made possible under the 
direction of Robert Moses, who is head of the State Coun- 
cil of Parks, of the Long Island State Park Commission, 
of the New York City Park Department, and of the Tri 
borough Bridge Authority. Arthur E. Howland is chief 
engineer of the Long Island State Park Commission; 
J. J. Darcy, district engineer for the State Department of 
Public Works; and W. Earle Andrews, general super 
intendent of the New York City Park Department. 
Arthur W. Brandt is commissioner of highways for the 
state of New York. 
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Grouting Boulder Dam Tunnels 


Describing the Equipment and Field Methods Developed for Pressure Injection Work 


By V. L. Minear 


AssociATE MEMBER AMERICAN Society or Civit ENGINEERS 
ASSOCIATE ENGINEER, BuREAU OF RECLAMATION, BouLDER CANYON Project, Denver, Co to. 


\. pressure-grouting 22 tunnels 
exclusive of the large inclined 
spillway tunnels) at Boulder 
Dam, more than 235,000 sacks of 
cement were injected at pressures 
ranging from 50 to 750 Ib per sq in. 
This work was begun in August 1932 
and was completed in March 1935. 
rhe plan followed in grouting the 
30-ft diversion tunnels, which con- 
stituted the bulk of the work, is 
shown in Figs. 1 and 2. Tables I 
ind II give synopses of the cement 
placed in the diversion tunnels and 
adjacent parts. Tables III and IV 
are summaries of the low- and high- 
pressure grouting in terms of cubic 
ieet per square foot of rock area and 
cubic feet per linear foot of drill 
hole, respectively. Table V is a 
summation of the regular grout-hole 
irilling in the diversion tunnels. 
Drilling of the side walls and arch 


i 


iumbo which traveled on 90-lb rails that had been laid 
ior concreting the side walls and arch of the tunnel lining. 


f the 50-ft diversion tunnels was done with 14 sets of 
drilling equipment, mounted on a movable scaffold or 


PPROXIMATELY 235,000 cu ft 

of cement for grout, or more than 50 
per cent of the total amount placed at 
Boulder Dam, was used in grouting 22 of 
the tunnels and their appurtenant works. 
Eighty per cent of this grout was in- 
jected through the walls of the 50-ft 
diversion tunnels, which thus offered 
plenty of opportunity for the develop- 
ment of efficient methods for mixing and 
placing grout under pressure and for 
sealing the inevitable leaks. In this 
article, Mr. Minear describes the me- 
chanical equipment of the portable 
grouting plant in some detail and then 
passes on to the basic principles under- 
lying the work itself. In connection 
with this paper, readers may wish to refer 
to the article discussing the grouting as 
a whole, “Designs for Grouting al 
Boulder Dam,” by A. V. Werner, pub- 
lished in the September 1936 issue. 


structed. Considerable difficulty 
was experienced in this matter, and 
it was necessary to tear down the 
pumps as often as once a shift in 
order to chip out the hardened grout. 
As complete shutdowns were per- 
mitted only when unavoidable, a 
standby pump was provided. After 
some experience, we could tell from 
the sound of the exhaust and the 
general behavior of the pump when 
it was beginning to become fouled. 
Then, if water was circulated to the 
full capacity of the pump for about 
one minute, the hardening grout 
could be washed out. Chipping be 
came a thing of the past and was 
only necessary at times of routine 
overhauling. 

Various types of portable concrete 
mixers were used, but they all 
proved unsatisfactory owing to ex 
cessive wastage of cement. Further- 


more, the devices provided for measuring the mixing 
water did not permit the wide variation in water-cement 
ratio essential for best results in grouting. 

The most satisfactory mixer used was fabricated in the 


vert holes were drilled with a ‘‘wagon drill.’ Similar shops of the contractor, embodying many ideas of former 
equipment was used for the smaller tunnels. Remark- Bureau Engineer James B. Hays, M. Am. Soc. C.E. 


ible progress was possible with this equipment. A miner, 


with a nipper and a chucktender, 
uld drill 600 lin ft of high-pres- 
sure holes in one and one-half 
‘-hour shifts. This is thought to 
be a record. 
Grout-placing equipment 
shown diagrammatically in Fig. 
consisted of a mixer, a me- 
hanically agitated sump, two 10 
t'» by 10-in. high-pressure 
mud pumps using 3°/,-in. liners 
ior low pressure and 3'/j.-in. liners 
lor high pressure, and 1!/¢-in. 
high-pressure rubber hose. This 
equipment gave excellent service, 
ind except for a few minor re- 
placements and changes, is the 
same with which the job was 
Started 
Pumps of the type used are 
ideal for placing grout. They 
permit a close control of pressure, 
ire flexible in that the rate at 
which grout is injected can be 
ined at will, and are safe. In 
He beginning, when pumping 
le that required several 
Hours to fill, the pump valves 


“came fouled with partially set Hicu-Pressure GRrouTING JuMBO IN TUNNEL No. 4 
Brou 1 the passages were ob- Note Hose Connection at Upper Left of Photograph 





This mixed 5-bag batches of grout of 1.00 water-cement 


ratio by volume or thicker. It 
consisted of a horizontal cylindri- 
cal tank 30 in. in diameter and 
4 ft in length, equipped with a 
horizontal shaft having four sets 
of blades. It was operated by an 
air-driven motor at an average 
speed of 100 rpm. Cement en- 
tered through a hopper in the top 
at one end, and water was fed 
through three nozzles in the end 
just below the hopper. The grout 
was discharged through a plug 
valve in the bottom at the op 
posite end of the tank. 

Mixing water was controlled 
by a disk-type meter with a 6-in. 
vertical dial, having scales read 
ing to tenths of a cubic foot and 
a totalizer. This gave great flexi 
bility and afforded a continuous 
check on the amount of water 
and cement injected. 

From the mixer, the grout was 
discharged into an agitator or 
sump, consisting of an open-top 
tank 3 ft in diameter and 2 ft 
deep, which provided a storage 
supply equal to two batches to 


ensure a continuous flow from 
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Taste I. Sacks or Cement Usep tn Groutinc Diversion TUNNELS TO JuLy 1, 1935 
INVERT ARCH HicH-Pressure Work TOTAL 
TUNNREI : . - . een aaa es ty IS " 
No Placed Waste Total Placed Waste Total Placed Waste Total Placed Waste Total 
l 7,766* 39 7,805 26,184 131 26,315 15,224 87 15,311 49,174 257 49,43) 
2 4,861 22 4,883 30,207 187 30,394 10,496 85 10,581 45,564 294 45.858 
3 4,426 32 4,558 24,369 237 24,606 4,617 63 4,680 33,412 432 3844 
4 4,001 54 4,055 31,457 338 31,795 24,027 191 24,218 59,485 583 60.068 
Totals 21,054 247 21,301 112,217 893 113,110 54,364 426 54,790 187,635 1,566 189 29) 


* Includes 4,562 sacks in invert drain—Tunnel No. 1 plug not completed. 


the pump. In the beginning, the grout in the sump was 
stirred manually. Since many holes that had been 
taking grout freely refused it shortly after a change of 
shift, it was suspected that this was due to settlement of 
the grout while the shift was being changed. This diffi- 
culty was eliminated by installing a mechanical agitator 
consisting of a propeller shaft with two blades set close 
to the bottom of the tank, operated by an air-driven 
motor at a speed of about 30 rpm. 

The mixer, sump, and pumps were mounted on a 5-ton 
truck. Cement was supplied by a second truck which 
was backed up to the first. 

NEAT CEMENT GROUT FOUND BEST 


Various mixtures of sand and cement were tried, but 
the use of sand was found to be unsatisfactory and was 
discontinued. Thereafter, neat cement grout was used. 
The undesirability of passing a sanded mixture through 
the pumps is self-evident. However, the principal ob- 
jection to its use is the difficulty of holding the sand in 
suspension. It settles out of the grout stream, clogging 
the pipe and fittings, as well as the hole. 

Standard portland cement was used for the bulk of the 
grouting in the tunnels. Screened cement, 98 per cent of 
which passed a 200-mesh screen, was tried. While more 
screened than unscreened cement can be forced into a tight 
hole at a given pressure, the difference is so small and 
screening costs are so great, that the advisability of 
screening is problematical. Increasing the pumping 
pressure a few pounds apparently more than compen- 
sates for any slight disadvantage in the use of unscreened 
cement. 

Experience seems to indicate that the amount of ce- 
ment that can be injected into a given hole is dependent 
upon the character of the rock penetrated, the pressure 
applied, the rate of pumping, and the water-cement 
ratio. 

The character of the rock is not constant for a given 
hole, and more grout can be forced into a badly broken 
formation than into one that has been undisturbed. 


Most cracks and crevices in broken 


channel, the mixing water is forced into the rock while 
the cement remains within the channel, thus effectively 
blocking it and marking the grouting radius of that hole 
Therefore the initial injections into all high-pressure holes 
were of plain water or thin grout mixtures. 


HIGH PRESSURES AN IMPORTANT FACTOR 


The flow of grout through cracks and fissures in the 
rock is comparable to the flow of liquids through pipes. 
The frictional resistance of hairlike cracks is very high 
and must be overcome by the application of pressure. 
It would seem that the higher the permissible pumping 
pressure, the greater would be the effective grouting 
radius, and the fewer the holes that would be required 
for a given schedule. 


TaBLe II. Sacks oF CEMENT USED IN GROUTING Parts 
ADJACENT TO TUNNELS 


AREA Pracep Waste Tora 


3 high-pressure rings under dam abutment, Tun- 


nel No. 2 ~ % 5,343 142 5,485 
5 high-pressure rings under dam abutment, Tun- 
nel No. 3 a ; 4,319 168 4,487 
239 high-pressure holes above plug, Tunnel No 
4 7.2 ay te a 12,615 222 12,837 
Totals . 22,277 532 22,200 


Thick grout having a water-cement ratio of 0.75+ 
by volume was injected at 100 lb per sq in. to fill known 
voids in the invert of the diversion tunnels where the 
contractor had installed gravel drains as aids in placing 
the lining, and in the arch where it was not always pos- 
sible to fill the form completely at the crown. 

Thinner grout, having a water-cement ratio of from 
1.0 to 7.0, was injected into the deeper holes, those from 
24 to 170 ft in depth. Higher pressures (300 to 750 ib 
per sq in.) were used in order to consolidate the surround- 
ing rock. 

The ability of water to carry suspended matter is 
dependent upon its velocity. Since the passages through 







ground are partially filled with gouge . LEGEND Y 
. as . . P indicates Low Pressure Groutin 2» x A ln = al 
or other material deposited by im- > irons tan tremor Goins 7 Cy ? 2 oN 
. . * ” . © Inccates Dramage Holes ey ~4 ~ + & \t Lee 
filtration. Some of this is soluble in) 27 c¢ o 268° cc wmocems | —_- 2 ' 
ongrtudinal Destance Between o” cc hd 
. of Holes x \s * 20 x + = 
water, but acts as an almost perfect wen aoo-cey * \8 Near Se De esZS=am so C26e-co  /# 
grout stop, as the mixing water of HP oe —| wae F es TY a 
: P : ae ~ <= SSse-~ 
the grout is often already carrying x ga * ii aa . sa 
° "7 e ; y 2 oy ->--y-—-----~--—-— ----- 1h a mg 
its full capacity of suspended matter. . Of ee a tm gee ap 
rhe injection of water at high : SP ewes. ie B Sa 3] x Sore 
° . ° . 7 io . ror cc +/ j 
velocity preliminary to grouting Py + Ff g $] |z 
opens up passages throughthisgouge & oxtte, |& RT atte a oe” 
. . . . x x “ Ps x o* eo x x 
by carrying it to cavities at a greater iN o” aN — $ 3 ‘ se A. 
distance from the hole, thus increas- - FAS. TtP-HP.2eec{= 2 (4? D200 e¢ > oA se xs 
p xX SS Sitee=--— eS . yp x 
ing the grouting radius. ie ‘SSa0 0 SSeS CTttP.0 200+ ¢¢ —-™ fe 2b ” 
When grout under high pressure ‘meant a eS clit - Z 
. e me = ‘si . 
comes into contact with dry rock, - oy ae he GPRS srs s== 
- My ‘o~ | rr 
the rock absorbs a_ considerable f° {f »% ‘e +8 P.ue.owee—— %. ates eesitetin anes 
amount of the mixing water. This we De D6 i3 Seon x x” Figure are Shown on Fe 
action takes place more rapidly as 4 \ - 
the pressure increases. As a result, Fic. 1. Generat PLAN or BoutpeR Dam Diversion TUNNELS, 


at the first constriction of the grout 


SHOWING GROUTING AND DRAINAGE SYSTEM 








he 
th 











he grout flows are of variable cross-section, the 
es vary. Asa result, there is a tendency for the 
. given channel to be reduced by sedimentation 
is uniformly of the same diameter as the smallest 
of the original passage. It was found that this 
ould be delayed—and consequently more grout 
by maintaining a reasonably high pumping 
[he pumping pressure was maintained constant, 
e pump speed was varied by increasing or de- 
the water-cement ratio as required. 


rasce II Low-PRESSURE GROUTING 


3TH So Fr or Cu Fr Tora Cu Fr Grout 
Rock AREA Low-PRESSURE Per So Fr 
Grout Rock AREA 
; O11 688,000 23,250 0.0338 
3417 601,000 27,460 0.0456 
123 549,000 21,274 0.0388 
S15 671,000 28,379 0.0423 
14,266 2,509,000 100,363 0.0400 
fable ILI does not include the tunnel plug sections, uses the full 


mference (56 ft in diameter) for the rock area, and includes both 
routing at points of overbreakage and at regular intervais 


se control of the rate of pumping was found neces- 

1s a sudden increase in either speed or pressure fre- 
ntly resulted in the hole’s refusing grout shortly 
realter. A pumpman can plug tight (unprofitable) 

by opening and closing the pump by-pass valve in 

| way as to cause water hammer. 

measured by volume, the water-cement ratios varied 
m 7.0 to 0.55. The selection of grout having a proper 
ter-cement ratio is the most difficult phase of high- 

ure grouting. Undoubtedly more holes are lost by 





AND GROUTING JUMBO AT UPPER PORTAL, TUNNEL No. 4 


‘perienced men attempting to use a thicker grout than 
hole will accommodate than from any other single 


use. On the other hand, if grout is too thin it not only 


inferior quality, but the cavities may be largely 


lled with water. 


GROUTING PROCEDURE OUTLINED 


While the procedure varied somewhat according to the 


nt schedules, in general the methods used were as 


‘ligh-pressure holes that had been percussion- 
were thoroughly cleaned with air and water. 
igh-pressure holes were flushed by pumping 
r not more than five minutes to the full capacity 
the pump, or to the required grouting pressure. 
‘routing was begun with initial injections of grout 
water-cement ratio equal to 0.01 S, where S is 
red stalling pressure. 
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4. Data were tabulated at regular intervals of time, as 
shown in Table VI. 

From this information, the water-cement ratio was 
gradually reduced to the thickest grout that the hole 


Vent Pipe or Drilled Hole Low Pressure Grout Pipe or Drilled 
\ . | > e 
Drainsge Hole Hole at Points of Overbreakage 
Low Pressure Grout Hole . Low Pressure Grout Hole 


3 Low Pressure Grout Pipes or L 
Dritied Holes at 20'0" Centers %, ae 
in Penstock Tunnels and , A 7 
26’ 8” Centers in Spillw ay | 
Tunnels Longitudinally 


3 Drainage Holes 24' 0" 
{Deep at 20°0" Centers in 
} | _Penstock Tunnels and 
| | 26°8" Centers in Spiliway 
Tunnels Longitudinally 









High Pressure 
Grout Pipes or 
} Drijled Holes 
Construction Joints - > 






ie 


45° 









Construction Joints 


8 High Pressure Grout Holes 
24'0" Deep at 20'0" Centers 
in Penstock Tunnels and 26’ 8’ 
‘ Centers in Spillway Tunnels 

> “ Longitudinally. Staggered Radial! 
SECTION C~ Sieanaty. Shape ay 


Fic.2. TyprcaL SECTION THROUGH TUNNELS SHOWING HOLES FOR 
Low- AND HIGH-PRESSURE GROUTING AND FOR DRAINAGE 


would consistently take. An effort was made to inject 
the maximum number of sacks of cement per hour. 
When this rate, which usually follows a descending curve 
for a given water-cement ratio, had fallen to where the 
hole was approaching refusal, water was injected for five 
minutes. This procedure, which almost invariably 
caused the pumping speed to increase until the thicker 
grout could again be injected, was repeated with gradu- 
ally increasing water-cement ratios until the hole refused 
0.01 S grout at the required pressure. 


TABLE IV. HiGH-PRESSURE GROUTING 


TUNNEL Lin FT or Cu Fr Cu Fr GRour Per 
No. Houes Grout Lin Fr or Hoe 

1 30,037 15,224 0.507 

2 14,453 10,496 0.726 

3 15,411 4,617 0.300 

4 33,376 24,027 0.720 

All tunnels 93 277 54,364 0.583 


The criterion used for fixing a condition of refusal was 
that grouting of a given hole should continue until that 
hole refused to take more than 1 cu ft of grout at the 
given pressure in 10 minutes. The contractor elected to 
meet this requirement by using a normal pumping pres- 
sure one-quarter to one-half greater than the required 
pressure. The standing or stalling pressure was taken 
occasionally, and when this was equal to or greater than 


TaABLe V. Grout-HoLe DRILLING 


Tunnet Low-Pressure Hotes Hicu-Pressure Ho_es Tora 
No. SL . . = ~ - 
Number Lin Ft Number Lin Ft Number Lin Ft 
1 1,273 5,187 1,255 30,037 2,528 35,224 
2 1,173 4,597 603 14,453 1,776 19,050 
3 1,151 4,478 643 15,411 1,794 19,889 
+ 1,360 5,047 1,429 33.814 2,789 38,861 
All tunnels 4,957 19,309 3,930 93,715 8,887 113,024 


the required pressure, the hole was accepted as being 
completed. 

In Table VI is shown the behavior of a typical ‘‘free’’ 
hole under ideal conditions. The personal equation is 








mm ee 
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important and should be taken into consideration in 
interpreting results. There was ample air; the hole 
was undamaged; the work was done by the contractor’s 
strongest crew; and the inspector directing the work was 
the most experienced on the job. 

The following day shift was handicapped by a varying 
air supply and by an inspector who was not fully sea- 


Cement Loading Tabie 
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—J 
Cement Feeding Hopper 
Grout Mixer ‘ 
Mixer Wate , Water Meter [ Water Supply 
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stopped. Welding with a pneumatic calking tool, fo). 

lowed by application of a blend of portland and quick. 

hardening calcium-aluminate cement, will ordinarily sea} 
most leaks of this sort if the pressure is low. i 

Wooden wedges measuring | by 2 by 6 in. were firg 

used to seal contraction joints. Owing to the circular 

shape of the tunnel section and the length of the wedges 

which were of necessity driven raqj. 

ally, a considerable gap existed be. 

tween adjacent wedges, through 

which grout escaped freely. |; 

proved advantageous to drive 











Supply 
“a — Air Supply oakum into the crack with th 
g Air Motor vai . e 
es ms Swinging , he Grout Pressure Gage automatic Pressure wedges. A further improvement 
na | naa Pie 4S Regulator was made by reducing the size of 
| y a | , the wedges to '/2 by 1 by 3in, 
3” Valve : w These wedges are made of seasoned 





Screen 











ym White pine. They were driven wel 
Bypass . into the crack and broken off flush 
with the surface of the concrete 


Grout Pump { 





Grout Agitator — 








| 

| 

| w lf. Water Tank 
—— 





—S——oe ————— ~ Grout Suction Hose Swings to 
either Agitator or Water Tank 





Xx Grout Supply Line to Joints 


Fic. 3. Scnuematic Layout oF PLANT FOR MIXING AND PLACING GrovuT 


soned. The swing shift had a satisfactory air supply but 
an inexperienced inspector, and no attempt at intelligent 
grouting was made. The leak which caused abandon- 
ment of the hole probably developed about an hour and 
a half before it was discovered. 


IMPORTANCE OF STOPPING LEAKS QUICKLY 


For"effective and economical grouting, leaks must be 
stopped with minimum delay, for once a hole is con- 
nected it must be brought to the designed pressure or lost. 
Delays are paid for in wasted cement and lowered grout- 
ing efficiency. Grout channels within the rock contain 
numerous traps or sags, and when once grout has become 
hardened in these, the possibility of filling the fissure is 
forever lost. Subsequent drilling of additional holes in 
an attempt to fill the area supposed to be infected is a 
makeshift of doubtful value, and has rarely proved suc- 
cessful. 

Discontinuing pumping altogether, especially during 
hot weather, frequently results in the loss of the hole. 
This danger seems to be lessened by pumping at a re- 
duced pressure while the leak is being calked. Adequate 
equipment, a trained crew, and experienced supervision 
are necessary for effectual results. Material must be at 
hand for trying various methods of calking in rapid suc- 
cession, in case it becomes evident that a given method 
will not stop the leak. 

Leaks in general are due to shrinkage cracks, contrac- 
tion joints, cold joints, rock fissures, or porous areas. 
They are more or less routine, may be encountered at any 
time, and are difficult to seal in the order named. Our 
ideas on sealing them changed materially from those 
we held when grouting operations were started. An at- 
tempt will be made to sketch briefly the development of 
present methods. 

SHRINKAGE CRACKS CLOSED BY INGENIOUS METHOD 

The use of wooden wedges to stop leaks at shrinkage 
cracks did not prove satisfactory. Since these cracks are 
usually tortuous and narrow, difficulty was experienced 
in driving wedges, and it was decided to try lead wool. 
In order to key the wool into the crack, the crack was 
widened with a calking tool. In widening the crack, it 
was found that by breaking off a small wedge of concrete 
next the crack and driving it in, the leak was often 


Pumping was continued slowly unti] 
the wedges had swollen firmly into 
place. When necessary, a second 
row of wedges was driven on top of 
the first. 

Cold joints are tortuous cracks through which grout 
escapes at high velocity. Our first method of attack was 
to wedge tightly against the leaking surface a “‘plaster” 
consisting of a 1 by 12-in. plank, one side of which was 
covered with a thick mat of oakum. The water-cement 
ratio was teduced to 0.75 and the pump operated so as 
to give a thin, watery exudate around the plaster, thus 
eventually sealing the leak after a fashion. This method 


TABLE VI. INSPECTOR’S RECORD SHOWING Goop HIGH-PREssure 
GROUTING WorRK 








Time CEMENT PRESSURE IN La 
Total Period Sacks Air Pump- Stall- 
Sacks Sacks per Hr w/c ing ing 
11:30 p.m 24 24 ata 3.0 100 750 350 
11:45 p.m. 50 26 104 2.5 100 750 350 
12:00 m 2 32 128 2.0 100 750 350 
12:15 a.m. 122 40 160 1.75 100 750 350 
12:30 a.m 154 32 126 1.75 100 750 375 
12:45 a.m 164 30 120 2.0 100 750 350 
1:00 a.m. 210 26 104 2 100 750 375 
1:15 a.m, 220 10 40 5. 100 750 325 
1:30 a.m 256 36 144 2.0 100 750 350 
1:45 a.m, 288 32 128 2.0 100 750 350 
2:00 a.m. 316 28 112 2.0 100 750 350 
2:l5 a.m 348 32 128 2.0 100 750 350 
2:30 a.m. 372 24 96 2.0 100 750 375 
2:40 a.m 7 acs = cee iad oa 
3:00 a.m 410 38 114 2.0 100 750 350 
3:15 a.m 432 22 88 2.0 100 750 400 
3:30 a.m. 448 16 64 3.0 100 750 400 
3:45 a.m. 456 8 32 5.0 100 750 400 
3:55 a.m —_— , - <a wie - 
4:10 a.m. 47 20 sv 3.0 100 750 375 
4:30 a.m 490 14 42 5.0 100 750 375 
4:45am 501 11 44 5.0 100 750 37 
5:00 a.m 513 12 45 5.0 100 750 350 
5:15 a.m. 532 19 76 3.0 100 750 35 
5:30 a.m 550 18 72 3.0 100 750 350 
5:45 a.m, 564 14 56 3.0 100 750 375 
6:00 a.m 576 12 4 3.0 100 750 40 
6:15 a.m 588 i2 48 3.0 100 750 400 
6:30 a.m 600 12 72 3.0 100 750 37 
6:45 a.m 22 22 88 3.0 100 750 375 


Inspector’s remarks: 2:40 a.m. water 5 min., flush pump 5 min » 3:55 
a.m., water and flush pump and line 10 min.; 6:15 a.m., water o min 


was not satisfactory. It was too slow, gave results of 
doubtful value, and often permitted the reopening 0! 4 
leak when the jumbo against which the plaster was 
braced had to be moved on to another leak. In an at 
tempt to avoid the use of plaster, dry portland cemet! 
was applied to the leaking surface and held in place 
until the dry cement had absorbed water from the grout 
within the joint, thickening it and causing it to set mort 
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l, fol vickly. This proved to be a de- diffuse the leak by widening the 











juick i improvement. Following crack. In general,a blended 
Y seal »p the idea, a study was made cement patch, built around a 
field laboratory of the char- nipple inserted in the crack to 
* first stics of various combina- drain off the grout while the patch 
‘cular of portland and quick- is setting, is the most satisfactory 
lges ning calcium-aluminate ce- method found here. Occasion 
radi Nn Results of this study are ally, leaks from deep fissures can 
L be ; in Tables VII and VIII. be stopped by blowing the dry 
rough tables are based upon the cement blend into them with a 
It ' ts of a single set of tests. sand-blast gun, but unless the 
drive rhe data contained in them are leak is of rich grout, this method 
L the tentative only and should be used will not ordinarily succeed. 
ment with caution. Exact proportion- Leaks from porous areas, while 
ize of » and an intimate mixture are rarely encountered, are the most 
3 in ecessary for best results. difficult to seal. If the area is 
soned \ mixture of 2'/2 parts portland large and the pressure high, no 
| well part quick-hardening cal- satisfactory method of treatment 
flush cium-aluminate cement was is known, and grouting results are 
‘Tete .dopted as standard. It was care- doubtful. So much time is con- 
until fully proportioned, thoroughly sumed in getting the leak under 
"int mixed by numerous screenings, control that when pressure is fin 
‘cond re-sacked, and stored to be used ally reached, there is always a 
yp of 1s needed. Field mixing was question whether the hole has not 
und unsatisfactory. This mix- really been lost. It seems prob 
yrout ture takes its final set in about able that if a leak does not re 
c Was five minutes, depending some- spond readily to treatment, the 
ster what upon the temperature. It Portasie Groutinc PLant, SHowinc WATER hole should be abandoned and a 
| Was was used extensively for sealing METER Over AGITATOR new hole drilled after the porous 
ment leaks and for grouting in nipples. area has been chipped and 
30 as For cold joints, a leaking surface was quickly chipped patched, as previously described. 
thus with a pneumatic gun to a depth sufficient to give a suit- I wish to acknowledge my indebtedness to F. A. Back- 
thod ible key, and a blended cement was applied. A */,-in. man, superintendent in charge of grouting operations for 
ion nipple was inserted into the leak to relieve the pressure the contractor, who, with Grout Foremen Frank Airing- 
: during patching. Grout was allowed to leak for perhaps ton, Frank Cronin, and Ronald Jones and their crews, . 
Le ten minutes, during patching, to allow the patch to contributed largely to the success of the work. 


harden. The nipple was then capped, and the patch 








ta 
Mien usually held. TABLE VIII. CoMprREsSIVE STRENGTH OF VARIOUS BLENDS OF 
~ EXPOSED ROCK GROUTED BY STAGES PORTLAND AND QUICK-HARDENING CALCIUM-ALUMINATE CEMENT, 
IN POUNDS PER SQUARE INCH 
lhe most satisfactory method of grouting exposed 
7 k is stage grouting, that is, pumping thick grout into as ee ee oe ee ee ee ae 
; er ye poe . 80 20 456 456 478 456 540 478 
~ shallow holes until it shows on the surface. The pumping 70 30 705 710 718 725 720 779 | 
then discontinued. At some later date, a second series 60 40 352 325 550 675 730 692 
holes is drilled, or the first series deepened and grouted ” " 136 ed —_ o76 50 7S 
before. This pre cedure is repeated, pushing the grout P = portland cement Q = quick-hardening calcium-aluminate cement 
: in ever-widening concentric circles until the area to “““"““™e"t ™U°* _ 
ve grouted is covered. If care is exercised in blowing the 
irtially set grout from the holes the drilling cost need The dam is being built by the U. S. Government 
- be excessive. On horizontal surfaces this method is through the Department of the Interior and directly by 
0 most economical of cement and gives excellent results. the Bureau of Reclamation. The late Elwood Mead, 
: However, on inclined surfaces such as those on dam abut- M. Am. Soc. C.E., was commissioner and administrative 
7 ments and tunnel portals, the cement loss may be large, head of the Bureau of Reclamation. Chief Engineer 
q lue to the inaccessibility and nature of the leaks. Wedges R. F. Walter, M. Am. Soc. C.E., of the Denver office, is in 
re practically useless, as in most cases they merely charge of all construction and designs. Construction 
Engineer Walker R. 
VII. Time or Set or Various BLENDS OF PORTLAND AND QUICK-HARDENING CALCIUM- Young, M. Am. Soc. C.E., | 
ALUMINATE CEMENT represented the chief en 
; ped cel ni decd ro ae gineer on the project. Six 
oP %O Initial Set _—‘ Final Set Initial Set Final Set Initial Set Final Set Companies, Inc., contrac- 
Hr Min Hr Min Hr Min Hr Min Hr Min Hr Min tor for the construction | 
: 100 0 4 50 7 15 9 10 13 0 of Boulder Dam, power 
of @ a Me ie : oo [= ~ plant, and appurtenant | 
was 70 30 0 5 0 7 0 5 0 20 0 9 6 14 works, is headed by Presi- j 
60 40 0 2 0 5 0 4 0 458 0 6 6 25 dent H. W. Morrison, ' 
1 50 50 0 2 0 3 0 4 6 17 5 5 5 42 — ~ 
non a0 on > 7 . te ¢ «(88 . «@ and work in the field was 
lat : = : : : . . = 7 4 4 53 8 33 under the direction of 
rottt on a. . . - - . Francis T.Crowe, M. Am. 


0 100 9 18 16 33 8 49 9 19 Soc. C.E., general super- 


and cement, Q quick-hardening calcium-aluminate cement; W/C water-cement ratio by weight intendent. 




















ENGINEERS’ NOTEBOOK 


From everyday experience engineers gather a store of knowledge on which they depend for growth as in- 
dividuals and as a profession. This department, designed to contain ingenious suggestions and practical 
dala from engineers both young and old, should prove helpful in the solution of many troublesome problems. 














Chart for Concrete Column Design—1936 Specifications 


By Avan Lee SLaton 
Junior Assistant ENGineer, New York Strate DEPARTMENT OF PusBitic Works, New York, N.Y. 


EVERAL changes in the design of reinforced con- 
crete columns are embodied in the new standard 
building code adopted by the American Concrete Insti- 
tute on February 25, 1936. Under the new code the 
gross area of the column, instead of the 





in which P = allowable load 
A, = gross area of column 
f.' = compressive strength of concrete 
fa nominal working stress in vertical column rein- 
forcement, to be taken at 40 per cent of the mini- 
mum specification value of the yield point, that 














36 +1000 core area, is considered as resisting com- 
pression. The spiral steel is not considered is, 13,200 Ib per sq in. for structural grade steel, 
34 ~E- 900 to be effective until the fireproofing area 16 000 Ib per sq in. for intermediate grade steel, 
2 has been removed, and is designed to re- and 20,000 Ib for rail or hard grade steel 
-_o place that area. Laterally tied columns Pp, = ratio of the effective cross-sectional area of ver- 
e are allowed to take 70 per cent of the load tical reinforcement to the gross area, A, 
on permitted spiral columns by the code The chart as here oriented is applicable directly to either 
formula. spiral or laterally tied columns using 3,000-lb concrete 
28 F600 The diagram presented here (Fig. 1) and structural grade reinforcement. However, if the 
Total Column Load in Pounds 
26 TaBLe I. PERCENTAGE OF SPIRAL STEEL REOQUIRED IN Rery- 
500 1400000 ~¢— 2000000 FORCED CONCRETE COLUMNS WITH 2-IN. FIREPROOFING 
4 < c Core 2,000-La 2,500-Ls 3,000-Ls 3,750-La 
. e4 1500000 & Dia CONCRETE ConcRETR CONCRETE Concrets 
— 1000000 = ce, ee, a , ey, 
e rt o 
¢ 400 2 = 9 = Inches Rods Wire Rods Wire Rods Wire Rods Wire 
2 22 s > “ e 8 2.81 1.88 3.52 2.34 4.22 2.81 5.27 3.52 
c H , 1000000 © 10 2.16 1.44 2.70 1.80 3.24 2.16 4.05 2.70 
2 3 ; oe ae 12 1.76 1.17 2.19 1.46 2.63 1.75 3.29 2.19 
5 , id ~n” Me 14 1.46 0.98 1.83 1.22 2.19 1.46 2.74 1.83 
3 20 : - : 16 1.26 0.84 1.58 1.05 1.89 1.26 2.36 1.58 
° 0 @ |S ots ‘ 18 1.13 0.75 1.41 0.94 1.69 1.12 2.11 1.41 
‘ 5 s | 20 1.12 0.75 1.24 0.83 1.48 0.99 1.86 1.24 
& E) 6 22 1.12 0.75 1.13 0.75 1.35 0.90 1.69 1.13 
- o ‘ 24 1.12 0.75 1.12 0.75 1.22 0.81 1.52 1.01 
518 3 5 26 1.12 0.75 1.12 0.75 1.12 0.75 1.39 0.93 
r 28 1.12 0.75 1.12 0.75 1.12 0.75 1.31 0.87 
3 s 30 1.12 0.75 1.12 0.75 1.12 0.75 1.22 0.82 
- * 3s i4 oan 32 1.12 0.75 1.12 0.75 1.12 0.75 1.12 0.75 
» e ss 2 
16 20 4 - - — 007 ° ° ° 
5 2-+ 3 g center scale is cut out on the enclosing lines and mounted 
2 -~ 0.06 in slide fashion, the chart can be used for 2,000, 2,500, 
2 Se 005 3,000, and 3,750-Ib concrete and for structural, inter- 
* = 2 a mediate, and hard-grade reinforcement in any combina- 
' re 2 € 006 tion. Fool-proof match marks are provided. 
' 5 - The necessary percentage of spiral reinforcement is 
7 rr aes given in the new specifications by the formula: 
/ 
a aes pb’ = 0.45 (R - 1) 4 , in which 
12 ? 100000 j , 4 f. ¢. : 
re p’ = ratio of volume of spiral reinforcement to the 
100 3 001 volume of the concrete core (out to out of spirals) 
500001 7 R = ratio of gross area to core area of column, A,/A, 
eo00e f,’ = useful limit stress of spiral reinforcement, to be 
taken as 40,000 Ib per sq in. for hot-rolled rods 











Fic. 1. CHART ror DesicN or LATERALLY Trep AND SPIRALLY of intermediate grade (A.S.T.M. serial designa- 
REINFORCED CoLUMNS UNDER 1936 A.C.I. Cope tion Al5-35) and 60,000 Ib per sq in. for cold- 
Match Marks Labeled 5, J, and H, Refer Respectively to Struc- drawn wire (A.S.T.M. serial designation AS2-+ 
tural, Intermediate, and Hard-Grade Reinforcement It is further specified that p’ shall not be less than 0.0112 
for spirals of hot-rolled rods of intermediate grade, oF 
It 0.0075 for those of cold-drawn wire. Table I, based 
on this formula, gives values of p’ for the common case 
of columns with 2-in. fireproofing. 
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should be of value in applying the new specifications. 
is based on the formula: 


P =A, (0.22f.’ + f.p,) 
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| ormulas for Preliminary Design of 
Semi- Elliptical Sewer 


By Harry C. PLuMMeER, Assoc. M. Am. Soc. C.E. 


Corer Encrneer, Brick MANUFACTURERS ASSOCIATION OF 
AMERICA, CLEVELAND, OnI0 


A SEWER of semi-elliptical section is highly efficient 
tructurally, since its form coincides closely with 
the line of resistance of the arch. If the normal sewage 
iow is in the neighborhood of one-third the maximum 
this section is also efficient hydraulically and may 
frequently be used 

__w Lb per Sq Ft to advantage. A 
section of this 
type, designed by 








hi the engineers of 
\H the Sanitary Dis- 
A4 trict of Chicago, 


is shown in Fig. 1, 
and its hydraulic 
properties are 
given in Fig. 2. 

In the following 
paragraphs, for- 
mulas are devel- 
oped to aid in the 
preliminary struc- 
tural design of 
sewers conforming 
to this section. 
They are applica- 
ble both to rein- 
forced brick ma- 
sonry and to re- 
inforced concrete, 

/M and the results 
— te will be found to 
L check closely with 
those obtained 
from an analysis 
of the final design. 

lhe sewer is assumed to be symmetrically loaded, and 
the half section is considered as a curved beam acted 
upon by the external loads and by thrust and moment at 
the crown and at the center of the invert. Since the 
loading is symmetrical, the shears at these points are zero. 
[he vertical and horizontal components of the earth 
pressure are assumed to be distributed, in the manner 
shown in Fig. 1, over the horizontal and vertical projec- 
tions of the center line of the sewer ring. This is a slight 
ipproximation, since in the final analysis they are as- 
sumed to be distributed over the horizontal and vertical 
projections of the extrados. The approximate assump- 
tion is also made that the moment of inertia of the sewer 
wall is constant; this is exactly true only if the wall 
thickness is uniform throughout. 

laking the point £& as origin, integral expressions can 
now be written giving the relative horizontal deflection, 

nd the relative change in slope of the tangent, at the 

wn and the center of the invert. Both of these ex- 
pressions must equal zero because of the symmetry of 
structure and loading. They are: 


“M'ds “M'y ds 
f ee 0, and f _— = 0 


ch M’ is the bending moment at any point. 








« Lb per Sq Ft 








Fic. 1. Semi-ELiipricaL SEWER SECTION 


Assuming the moment of inertia as constant, J] may 
be dropped from both equations. Now, using the nomen- 
clature of Fig. 1, M’ may be expressed in terms of 
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Fic. 2. Hyprautic ELEMENTS OF SeMI-ELLIPTICAL SECTION 


n = 0.014; s = 0.0004; H = 10.0 ft; A = 0.7992H?; R = 
0.2470H. Detailed Dimensions Are Shown in Fig. 1. 


M,, T, H, w, p, p’, and x and y, a separate expression 
being written for each of the four segments ED, DC, CB, 
and BA. For example, in the segment ED, 


m2 ’\ n»2 , 3 
M' = M,+Ty-—- (p +? )y? (*r) (=) 


Moments which produce compression in the intrados of 
the sewer are considered as positive. 

These expressions must now be transformed to polar 
coordinates. Again referring for example to the segment 
ED, x = A sin i,y = oe (I — cos @), and the limits of @ 
are 0 and 8. Substituting the transformed values for 
M’ in the integral equations, and remembering that ds 
equals pd@#, we obtain expressions involving the one 
variable #, which may be integrated and solved simul- 
taneously for WM; and 7, the moment and thrust at the 
center of the invert: 


M, = 0.0741wiI? — 0.0495pH? — 0.0293p'H? 
T = —0.0222wH + 0.477pH + 0.332p'H 


Here // is in feet; p, p’, and w are in pounds per square 
foot; and M,; and 7 are in pound-feet and pounds, re- 
spectively, per linear foot of sewer. 

Moments at points A, B, C, and D on the arch may be 
obtained from the general moment equation, @ = M, + 
Ty + m, where m is the moment due to external forces 
between the origin and the point about which moments 
are taken, and is opposite in sign to ,: 


‘ 


M, = —0.0194wiZ? — 0.0162pH? — 0.0069p'I7? 
M, = —0.0583wil? + 0.0539pH? + 0.0320p'H? 
M, = +0.0334w/I? — 0.0396pH? — 0.0199p’H? 
M, = +0.0519wH? — 0.0725pH? — 0.0306p'I7? 


As an example of the application of these formulas, 
let it be required to design the sewer ring for the sec- 
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tion shown in Fig. 3. Presume that the depth from the 
surface of the ground to the crown of the sewer is 24.4 ft, 
and the weight of the backfill is 100 Ib per cu ft. The 
horizontal pressure will be taken as one-third the vertical. 














Fic. 3. PRELIMINARY DESIGN BASED ON APPROXIMATE FORMULAS 


Marston's formula for vertical pressure is W = cw,B?, 
in which W is the total load per linear foot of sewer; w, 
the weight of backfill in pounds per cubic feet; B, the 


width of the trench a little below the top of the pipe. 
and ¢, a coefficient depending upon the ratio of depth to 
width of trench and the character and condition of the 
backfill. In this example B may be taken as 10.8 ft 
and ¢ as 1.70, giving a value of 19,850 lb for W.  w = 


1,840 Ib per sq ft, and p = us = 610 lb per sqft. On 


account of the depth of the sewer and the consequent 
relatively high values for w and p, the weight of the 
masonry can be disregarded and the horizontal pressure 
can be assumed to be distributed uniformly over the 
vertical projection of the sewer, thus making p’ equal to 
zero. The inside diameter of the sewer is 8.5 ft, and as- 
suming a 1-ft thickness for the ring, H = 9.5 ft. 

On these assumptions the numerical values for moment 
and thrust at the crown are computed to be 4,630 Ib-ft 
and 4,006 Ib, respectively. A similar investigation for 
moment should be made at points B, C, D, and E. 

The preliminary design of the ring, as shown in Fig. 3, 
follows from a consideration of these values. A more 
precise analysis of this structure has been made, and the 
moments and thrusts thus determined are in close agree- 
ment with those obtained from the general formulas. 

The maximum stresses (in pounds per square inch) 
developed in the section, due to combined compression 
and bending, are: 


MASONRY STEEL 
Ce et tt tt ee oS 11,700 
ers 6,850 
a 17,150 


If the steel in the crown and haunch is reduced and the 
sewer is reinforced with °/s-in. bars on 12-in. centers, the 
maximum stresses are: 


MASONRY STEEL 
550 16,700 


Crown 
675 14,600 


Haunch 





Concreting Operations on the Moffat Water Tunnel 


By Georce R. Bartow 
PROGRESS ENGINEER, UTAH-BECHTEL-MoORRISON-KAISER COMPANY, DENVER, COLO. 


HEN the Moffat railroad tunnel was completed in 
1927, the City of Denver obtained a lease on the 
“pioneer bore’ with the object of converting it into a 
water tunnel for a transmountain diversion. The diver- 
sion project is now under way, and the preparation of 
the tunnel for its new purpose is one of its interesting 
features. 

Water is to be diverted from the Fraser River some 
distance upstream and conveyed by canal and siphon to a 
shaft near West Portal (Fig. 1), whence it enters the 
tunnel under sufficient head to force it over the apex. 
Water from other streams is to be introduced, also under 
pressure, into the adit tunnel at West Portal itself. 
The high pressure to which the west half of the bore will 
thus be subjected, coupled with the nature of the ground 
through which the tunnel passes, makes necessary a 
lining of heavily reinforced concrete throughout the 
entire pressure section. 

The contract for enlarging and lining the 16,000 ft of 
tunnel and shaft was let to the Utah-Bechtel-Morrison- 
Kaiser Company early in the spring of 1935, and the 
work in the shaft and main tunnel was completed June 


10, 1936. The shaft was lined with steel plate concreted 
to the rock. The adit tunnel, with an inside diameter 
of 68 in. was similarly treated and was completed late in 
September 1936. 

Because of the rigorous winters and the enormous 
snowfall at West Portal—25 ft of snow fell during the 
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TYPICAL SECTION 


THE PIONEER BORE OF THE MOFFAT RAILROAD TUNNEL, AS MODIFIED FOR DENVER TRANSMOUNTAIN WATER DIVERSION 


past season—elaborate precautions had to be taken to 
prevent interruptions in the concreting operation. 
The sides and bottoms of the gondola cars that brought 
the aggregate from Granby, 22 miles away, were equipped 
with steam pipes, and as the cars arrived at the site 
they were run into a shed and hooked up to live steam 
from boilers. It often took eight hours to thaw the 
material, even though the shed itself was kept quite 
warm by coal stoves. After thawing, the aggregate 
was dumped through a grill (to remove any incidental 
oversized material) into a hopper, and transported by 
bucket conveyor to the bunkers. The railroad fur- 
nished a locomotive 
to switch cars and 
to keep a supply of 
aggregate on hand, 
but the weather 
was so severe on 
some occasions 
that it was unable 
to maintain a sched- 
ule and thus stor- 
age facilities had to 
be. large enough to 
continue the pour. 
Bulk cement was 
delivered in box 
cars, unloaded in a 
separate shed into 
a hopper, and car- 
ried by conveyor to 
a steel bin with a 
capacity of about 
300,000 Ib. Rein- 
forcing steel, de- 
livered on flat cars, 
was unloaded in a 
third shed by a 20- 
ton hoist mounted 
to roll along and 
across the building. 
pace to store 10 carloads of steel was within reach of the 
noist 

Proportioning of concrete materials was by weight. 
Because of the necessity of obtaining as high strength 
concrete as possible, a comparatively rich mix was used, 
consisung of 775 Ib of cement, 1,310 Ib of sand, 1,890 
ib of gravel, and 13 Ib of lime per batch. The aggregate 
bunkers and concrete bin fed directly into the batching 
hopper, and scales equipped with a photoelectric device 
sut off the flow of each material when the correct 
amount had been released. After batching, the mate- 
nals were discharged to a 28-S, tilting-type mixer, and 
mixed dry for 1 min. Bottom-dump cars running on 
track of 24-in. gage conveyed the dry mix to the tunnel. 
Each car held two 1.l-cu yd batches, in separate com- 





A Doupte CurRTAIN OF Heavy Crr- 
UMPFERENTIAL Bars Was REQUIRED 





partments. They were operated in trains of five by 4- 
ton electric locomotives. 

At the pouring point, the cars were run up onto a 
passing track and the batches were dumped, one at a 
time, onto a conveyor feeding directly into a pneumatic 
placer (Fig. 2). The latter piece of equipment con- 
sisted mainly of a rotary mixer arranged to discharge the 
concrete, under air pressure, through a 5-in. pipe, 200 ft 
in length, leading to the top of the forms. Air for this 
operation was supplied at a pressure of 100 lb per sq in. 
from the plant at West Portal. Water was metered into 
the mixer along with the charge, and mixing was con- 
tinued for 1 min 20 sec. 

This type of pouring arrangement was used not only 
because of freezing temperatures, but because it allowed 
the contractor to hold the dry mix on the track for a 
period up to two hours in case of an unexpected delay. 
The whole outfit—passing track, mixer, air receiver, 
and water tank—traveled on rails and backed up as the 
pouring progressed. The entire ring was poured in one 
operation. 

Owing to the necessity of finishing the main tunnel by 
June to obtain as much of this year’s runoff as possible, 
and to the very slight changes of temperature to which 
the lining will be subjected, it was decided to use a con- 
tinuous type of pour, thus eliminating the delays which 
accompany the use of a vertical joint every few feet. 
Collapsible steel forms of the horseshoe type were used. 
They came in 15-ft sections and were moved through one 
another on a jumbo that traveled on rails in the forms 





ee tae —_ — 


———_— 1 
+— Concrete Discharge Line | 


% i iS 

bad c 
} ae — is 
1 





a a ee a a ee a a a 


i 


— 
i 
A 














Pnuematic Placer Unloading Ramp Passing Track 


Fic. 2. CONCRETE PLACING EQUIPMENT 


themselves. Sixteen sections—240 ft—of forms were 
enough to permit continuous pouring in the large tunnel. 
After the forms were removed, the green concrete was 
kept wet for several days, and then any defects that ap 
peared were chipped and patched. 

Because of the pressure to which the tunnel lining is 
subjected, grout pipes were placed during the pouring 
in timbered sections and at other points where it appeared 
a void might be left. The pipes were later connected, 
one at a time, to a line pump, and grout was forced in 
from a tank, fed from mixing cans, until a pressure of 
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100 Ib per sq in. had been reached. This was considered 
sufficient evidence that the hole was completely grouted. 
The mix used in the grouting was 3 parts cement, 5 
parts sand, and 3 parts water. 

The general arrangement of the reinforcing is shown 
in Fig. 1. The varying types of ground along the tunnel 
line made it advisable to vary the size and spacing of the 
circumferential bars at frequent intervals; in some sec- 
tions '/,-in. round bars were adequate, while in others 
bars as large as l-in. square were required. The average 
spacing was about 7 in. In order to eliminate the 
trouble usually encountered with bottom supports when 
the inner curtain of steel is close to the forms, the rein- 
forcement was held in position by wires hung from the 
arch of the tunnel and by steel dowels in the rock along 
the sides. In the adit tunnel the circumferential rein- 
forcement was spiraled from ‘/s-in. bars, 60 ft long. 

With a concrete crew averaging 55 men per shift, the 
average pour of concrete was 225 cu yd for 125 ft of 
tunnel per 24 hours. The high was 450 cu yd for a 
distance of 225 lin ft. The equipment was capable of 
pouring much faster, but the steel placing was neces- 
sarily a slow process. Even with a crew of 25 steel men 
per shift, it was often impossible to pour concrete during 
more than two shifts per day. The steel men were able 
to place 40 tons of the heavier sizes in 24 hours. 

For the Board of Water Commissioners of the City 
and County of Denver, O. M. Strange and J. B. Banner 
were field engineer and assistant, respectively, and for 
the contractor, J. T. Powell has been superintendent. 


Model Tests of Outlet Transitions 


By Mons H. Benson, Jun. Am. Soc. C.E. 
Desicn DepartMent, TENNESSEE VALLEY AUTHORITY, 
KNOXVILLE, TENN. 

"THE function of an outlet transition is to transfer 

swiftly moving water from a flume or siphon to a 
larger channel, usually of earth, in which the velocity is 
low. The transition should provide a good distribution 
of velocity in the lower channel and recover as much ve- 
locity head as possible. This is best accomplished when 
the water passes through the transition evenly and 
smoothly, without sudden breaks in the surface, or con- 
centration of high velocity in part of the transition with 
slack water in the remainder. The experiments de- 
scribed in the following paragraphs were made to study 
the flow through a carefully designed warped transition, 
and to develop, if possible, a satisfactory transition that 
would be simpler and cheaper to construct. 

The general set-up for the experiments is shown in 
Fig. 1. A continuous flow of 0.35 cu ft per sec was 
maintained for all runs. The velocity through the head- 
gate was higher than critical, but a hydraulic jump oc- 
curred in the flume; consequently all velocities through 
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the transition were 
below critical. A 
velocity of 2.5 ft per 
sec was maintained 
in the flume, filling it 
to a depth of 4 in. 
For a scale ratio of 
1 to 36, this velocity 
would be equivalent 
to 15 ft per sec in 
the prototype. The 
width of the channel 
was made 18 in. and 
the depth kept at 4 
in., allowing an aver- 
age velocity of 0.9 ft 
per sec in the model 
or 5.4 ft per sec in 
the prototype. This. 
is higher than allow- 
able in practice for 
unlined channels, but 
is the best obtainable 
in this channel. 

A simple but ef- 
fective device for in- 
dicating the distri- 
bution of velocity at 
the transition outlet 
was made by hang- Winc Watts Improvep Ve ocrry 
ing seven straight DisrrmuTion iv WARPED TRANSITION 
wires loosely looped The Relative Deflections of the Wires 
about a round rod Suspended from the Bar Provided an 
which rested on the Easy Means for Comparing Velocities 
walls of the channel. Across the Channel 
The wires were 
spaced 0.2 ft apart and hung so that they just cleared the 
channel bottom.’ The angle each wire made with the 
surface of the flowing water gave an excellent comparison 
of the way the velocities varied in the cross section. 

General dimensions of the warped transition are also 
shown in Fig. 1. During the test runs the indicator 
showed clearly that the velocity distribution in the chan- 
nel was not uniform across the outlet. A high velocity 
was always found at one side, while at the other there was 
very little movement. At the side opposite to the main 
current the water actually flowed backwards up the 
transition to the flume, as indicated by the path of a 
weighted float shown in Fig. 2. 

The side to which the main current was attracted 
seemed to be a matter of chance; both sides were alter 
nately so favored. In the flume, although scarcely 
noticeable, the current seemed to deflect from one side 
to the other as it flowed downstream, this tendency being 
carried across the transition into the slower water be- 
yond. The phase of this weaving path was affected by 
the position of the hydraulic jump, and could also be al- 
tered by inserting a short metal plate at an angle to the 
side of the flume wall. 

In the next step of the investigation, 








pes ond two wing walls made of tin were placed 
in the transition, as shown in an ac- 
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Fic. 1. PLAN or EXPERIMENTAL FLUME, AND GENERAL DIMENSIONS OF 


WARPED TRANSITION 


in place the flow in the channel below 
the transition was smooth and well 
distributed. There was a slight eddy- 
ing around the downstream edges, but 
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+ . serious amount. In an actual transition, such 
would probably form an undesirable obstruction 
for catching floating material and debris. However, 
they indicated the effectiveness of using some device 
for spreading the flow, and on this basis a new tran- 
sitio. was designed. Construction was simplified by 
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Fic. 2. TyprcaL STREAM LINES, SHOWING UNEVEN DISTRIBUTION 
- OF VELOCITIES 


making the sides vertical planes instead of warped sur- 
faces. The transition was also shortened consider- 
ably by setting the sides at an angle of about 45 deg 
with the flume. Details are shown in Fig. 3(a). The 
next problem was to determine the most effective 
size and shape of baffle pier to spread the flow. Wax 
models of various shapes were prepared and tested, and 
fairly satisfactory results were obtained with several 
forms. The one that gave the most consistent and 
stable performance is shown in Fig. 3(), with its dimen- 
sions in terms of D, the depth of flow in the channel, and 
T, the surface width. The stream lines produced by 
this arrangement are shown in Fig. 3(c). 

With the pier not in place, it was possible to change 
the current from one side of the channel to the other by 
changing the flow conditions in the flume several feet 
above the transition. This was done by deflecting the 
current against the sides with a sheet of tin. After the 
pier was placed in the transition, the effect of changed 
entrance conditions was greatly diminished, and the 
flow returned completely to normal as soon as the piece 
of tin was removed. 

rhe results obtained from this small experiment indi- 
cate that further work along this line on larger models 
would be justified. I do not wish to imply that all 
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\ SHort TRANSITION, WITH BAFFLE PIER AND VERTICAL 
Sipe WALLS 
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warped transitions give undesirable results. Many 
such outlets have been built, and when made of sufficient 
length and with adequate canal lining downstream, have 
operated satisfactorily and without harmful scouring of 
the earth section. Further, the flume velocity in the 
present experiment is nearer to critical than is ordinarily 
found in practice, and tends to aggravate the conditions 
in the transition. However, while the carefully designed 
warped transition provides a smooth surface over which 
the water will flow if the conditions are such that it is 
forced to do so, it cannot be said that the warped surface 
itself is a guarantee of good operation. A submerged 
baffle pier in the transition affords better control, and 
more assurance that velocities in all parts of the down- 
stream section are reduced sufficiently to prevent scour. 

A pier like that described here, made of concrete, 
would be rugged and durable, and could be installed 
easily in an existing transition. In cases where unde- 
sirable scouring occurs, such an addition might be an 
effective remedy. 

These experiments were performed by the writer at 
the University of Michigan in 1932, and were used as a 
basis for a thesis in partial fulfillment of the requirements 
for the degree of master of science in engineering. 





A Device for Precise Measurements 
of Orifice Discharge 


By S. Franz YAsINEs, Assoc. M. Am. Soc. C.E. 


Instructor tn Crvit ENGINEERING, New York UNIveERsiTy, 
New York, N.Y. 


‘THE usual method of calibrating orifices consists 
primarily of measuring the actual rate of discharge 
by means of a tank and a weighing scale, or a volumetri- 
cally calibrated tank. This method, however, fails to 
give satisfactory results if the capacity of the tank or of 
the weighing scale is insufficient to measure a large quan- 
tity of fluid. Inaccuracies may be caused both by the 
shortness of the observation period and by the variation 
in the effect of jet impact, between the beginning and the 
end of the run, on the gage reading or the observed weight. 
A different method of calibration, which avoids these 
difficulties, is suggested by the fact that the coefficient of 
discharge is the 
product of two 
other independent 
factors—the coef- 
ficient of velocity 
and the coefficient 
of contraction. 
The only pieces of 
equipment neces- 
sary in the second 
method are (1) a 
Pitot tube to de- 
termine the coef- 
ficient of velocity, 
and (2) a device 
to measure accu- 
rately the diame- 
ter of the con- 
tracted section of the jet in order to compute the coef- 
ficient of contraction. 

Both of these devices are incorporated in the apparatus 
shown in an accompanying photograph. It was designed 
by the writer and has been used by him in experimental 
and research work on standard and bevel-edged cir- 





ALL MEASUREMENTS NECESSARY FOR 
COMPUTING ORIFICE DISCHARGE CAN 
Be Mabe WITH THis EQUIPMENT 
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cular orifices. It proved particularly useful in studying 
the effect of different bevel angles on contraction of 
the jets and rate of discharge. 

The instrument is made of brass. It consists es- 
sentially of a semicircular base plate on which are 
mounted two independently operated micrometers and 
a Pitot tube. Two */s by */s-in. brass rods, beveled at 
the ends to form straight edges in the plane of the orifice 
are used to measure the diameter of the contracted sec- 
tion of the jet. These edges are brought tangentially 
to the cross-section of the jet by means of micrometer 
screws whose least count is one one-thousandth of an 
inch. The micrometer scales are so adjusted that when 
the edges are brought together the sum of the two read- 
ings is zero. In operation, the apparatus is held in 


Vor. 6, Noy 


position by bolts passing through holes in the base plate 
and the distance between the plane of the straight edges 
and the plane of the orifice may be varied by means of 
washers. 

The Pitot tube is set perpendicular to the axis of the 
micrometers, and is equipped with a rack and pinion by 
which it can be slid into and out of the jet. The outlet 
end of the tube may be connected by rubber tubing to 
any pressure-measuring gage. 

The accuracy with which the necessary coefficient can 
be obtained with this instrument increases as the size of 
the orifice increases. For example, the discharge coef. 
ficient obtained by this method on a 1-in. circular orifice 
may vary by less than 2 per cent from the values ob- 
tained in a carefully conducted volumetric calibration, 
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Malaria Mosquitoes Long Present in 


the Rio Grande Valley 


Dear Str: I should like to call attention to a misstatement in 
the article on ‘‘Malaria—A Challenge to Engineers’ by J. A. 
LePrince, in the July issue. On page 447 of the article in question 
Mr. LePrince states: “‘What should be of most interest to civil 
engineers in regard to the distribution of this disease (malaria) is 
that in New Mexico, and in the low-rainfall areas of some other 
states, where malaria has been unknown for the past fifty years, 
it is now fairly well established and on the increase by leaps and 
bounds. And every bit of it in such localities has been built 
into existence unwittingly by the engineering profession.”’ 

From 1919 to 1923 I was chief of the Division of Sanitary 
Engineering in the New Mexico State Department of Health and 
had occasion to become quite familiar with the existence of malaria 
and Anopheles in New Mexico. I was surprised to find areas of 
endemic malaria in New Mexico, at various points along the Rio 
Grande. At Espafiola, in the upper part of the valley north of 
Santa Fe, there was malaria which had evidently been present 
for a long period, and Anopheles were breeding profusely under 
the native system of irrigation. Malaria had also been endemic 
for a long time in Mesilla Valley in Dofia Ana County, especially 
in the area along the Rio Grande in a northerly direction from 
Las Cruces. After the introduction of irrigation by means of the 
Elephant Butte Dam, malaria increased, but it had undoubtedly 
been present before the introduction of irrigation by the U. S. 
Bureau of Reclamation. 

Without refreshing my memory by examination of old reports 
on file in Santa Fe, I cannot positively state that malaria was 
absent from the remainder of the Rio Grande Valley in New 
Mexico, but it is my recollection that comparatively few Anopheles 
and practically no malaria occurred in the Rio Grande Valley 
between the upper end of Elephant Butte Reservoir and the 
lower end of Espafiola Valley. It is also my recollection that I 
found a few Anopheles at Hot Springs, a very few at San Marciel, 
and a very few at Belen and Isleta. Native irrigation had been 
practiced at Belen and Isleta probably for centuries, but the 
Anophelines were rare. The Culicines were abundant. 

One interesting feature in connection with the endemicity of 
malaria at Espafiola was the high altitude of the Espafiola Valley. 
My recollection is that this area has an elevation of about 5,600 ft. 


Harovp F. Gray, M. Am. Soc. C.E. 
Sanitary and Hydraulic Engineer 
Berkeley, Calif 
September 20, 1936 





Engineers Need Information About 
Mosquito Species 


To THe Eprror: As pointed out by Harold F. Gray, M. Am 
Soc. C.E., in his article on ‘“‘Control of Pest Mosquitoes for Com- 
fort,’’ in the October issue, mosquitoes have for centuries been a 
source of annoyance to man. They have limited, and still limit, 
his occupation of many regions of the globe. They are the direct 
cause of two particularly important diseases of the tropical and 
subtropical regions of the world—-malaria and yellow fever. They 
are often present in both seashore and mountain resorts, in the 
vicinity of large cities, and in the mining camps of the far North. 
They are likewise extremely abundant in the many irrigated re- 
gions of the United States. 

The engineer owes it to his profession as well as to his own repu- 
tation to be so informed that he will not unwittingly be the means 
of providing new breeding grounds. Sometime in his career he 
will more than likely be involved in the construction of railways, 
highways, water-power developments, drainage projects, or indus- 
trial enterprises. In such construction he can avoid the creation 
of breeding areas only by being informed and by practicing what 
he knows. 

Different species of mosquitoes differ in breeding habits, and in 
order to take effective control measures it is necessary to know what 
species is causing the trouble. It would be ridiculous to attempt 
to eliminate a mosquito problem within a city by draining nearby 
marshes if the insects that were causing the trouble belonged to the 
genus Culex, since these mosquitoes breed mainly in artificial re- 
ceptacles. For example, there are in Oregon at least seven types or 
associations, of two or three mosquito species each, the habits 
and control of which are quite different. These may be character- 
ized as follows: 

1. The flood-river type includes Aedes vexans Meig. and A. 
aldrichi Dyar and Knab. Both of these species lay their eggs dur- 
ing June, July, and August, not upon water but upon the damp 
soil of areas that are annually flooded by the Columbia and Willa- 
mette rivers. The eggs remain on the soil through the winter and 
hatch when covered by floodwater the following spring. 
2. The so-called snow-mosquito type includes Aedes communts 
DeGeer, A. hexodontus Dyar, and A. fitchii Felt and Young. Mos- 
quitoes of this group, as is the case with the flood-river mosquitoes, 
lay their eggs on the ground, in depressions, and along the margms 
of small lakes in mountainous sections of the state. The eggs 
main until flooded by snow water early in the spring of the nex! 
year. 

3. The temporary-rain-pool type includes Aedes abortgin 
Dyar and A. fitchii Felt and Young. These species occur along the 
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ige, and their habits are almost identical with those of the 
s just described. 
here is only one species of the salt-marsh type, Aedes dor- 
ig. In contrast with the three types just mentioned, 
ive but one brood a year, this species has several. 
he irrigation-water type includes Aedes flavescens Muller, 
{ lis Meig., Culex tarsalis Coq., Anopheles maculipennis 
M ind A. punctipennis Say. Most of the Aedes have only 
da year but the Culex and Anopheles have several. 
.e malaria type includes Anopheles maculipennis Meig. 
punctipennis Say. There are only two species of this 
Oregon. Their eggs are laid singly, directly on permanent 
f clean water, and there are several broods each season. 
e artificial-container type includes Culex pipiens L., 
incidens Thom., and T. inornata Will. To this 
y be added Aedes varipalpus Coq., which breeds principally 
oles. The adults lay their eggs on dirty, stagnant water, 
ilarly in catch basins and tin cans. Several broods are pro- 
vearly 
engineer should realize the importance of this information 
ow where it can be obtained, as from the entomologists of 
tate experiment stations or from those of the Bureau of En- 
gy and Plant Quarantine of the U. S. Department of Agri- 


H. H. STAGE 
Associate Entomologist, U. S. 
Bureau of Entomology and 
Plant Quarantine 





Placing Cofferdam Cribs at Bonneville 


lo THE Eprror: I was interested in the article on ‘“‘Construction 
Methods at Bonneville” by C. I. Grimm, M. Am. Soc. C.E., in the 
October number. The placing of the cribs forming the cofferdams 
was a key problem in the construction of this project. The coffer- 
jams consist of wooden cribs 60 ft long by 36 to 60 ft wide, and 
varying in depth from 40 to 70 ft. These cribs were set in two U- 
shaped cofferdams. 
On the Washington upstream leg the cribs were placed in flows 
p to 300,000 cu ft per sec in water 60 ft deep with estimated veloci- 
sup to 10 ft per sec. An enormous boulder, lying about 2,000 
ftupstream of the cribs, was used as an anchor. Around this rock 
was placed the loop of a 2,400-ft piece of 3-in. lock coil cable, as 
hown in the photograph. This loop was clamped off by means of 
pecial plates so that an unbalanced pull on either of the two tail 
lines would not cause the rope to slip around the rock. The two 
leads were then carried downstream to bridge sockets, upon each 
{ which were mounted a heavy loop and two sheaves. The loop 
{ the socket was fitted over a pin which, in turn, ran through 
plates from which four 2-in. cabies led to the frame of the main 





BOULDER Usep as ANCHOR IN BACKGROUND 
Foreground Are Barges Supporting Main Hoists 
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The main hoists were supported by 40 by 108-ft barges. On 
these barges and fastened to the main hoists were auxiliary hoists 
for maneuvering and lowering the hoist barge. The rigging be 
tween the hoists and the cribs consisted of a 1'/»-in. steel center 
wire rope from the drum of the main hoists to and through the 
lower pair of attachments on the crib, rigged in four parts 

The cribs were moved to a position in the quiet water behind the 
end crib of those previously placed. The pin holding the main 
barge and hoist to the 3-in. line was then pulled and the barge 
dropped down almost to the line of the cribs. After this, ropes 
were reeved and the barge was pulled upstream until the pin could 
be set in the loop of the bridge sockets. 

The crib, drawing approximately 10 ft of water, was dragged up 
stream against the current, with a differential in head of about 4 ft 
between its upstream and downstream faces. When stresses 
reached approximately 100,000 Ib per line, a second pair of crib 
attachments was rigged to the second main barge. The cribs were 
spotted from 3 to 5 ft upstream of their theoretical position, to 
allow for adjustment and line stretch 

The third set of holding lines were reeved as the crib approached 
the bottom. The crib was then held by twelve parts of 1'/>,-in 
cable, each stressed up to 100,000 Ib or better. During the time 
the crib was being filled, there was a tendency for it to settle on its 
base and tocompress the timbers formingit. Both of these actions 
tended to stretch the holding lines, and it was a nice problem in 
judgment as to how much slacking off could be done without letting 
the crib move downstream. 

An interesting relationship exists between the load per square 
foot of exposed upstream surface as measured by the stresses in 
the holding lines and that indicated by the difference in head 
This relationship was not a constant one, since the stresses in the 
lines rise much more sharply than the head differential would indi 
cate. It is believed that the operation just described is unique, 
particularly with respect to the depth and velocity of the water in 
which the large cribs were placed. 

ARTHUR DONALDSON, Assoc. M. Am. Soc. C.E 
Office Engineer, Columbia Construction 
Company 
Bonneville, Ore. 
October 7, 1936 


Factors Affecting Irrigation in 
Western Washington 


To tHE Epitor: As George E. Goodwin, M. Am. Soc. C.E., 
points out in his article on irrigation west of the Cascades, in the 
October number, the need for irrigation in western Washington is 
occasioned by two principal factors: Insufficient rainfall during the 
crop-growing season and low moisture-holding capacity of the 
average soil of the region. 

Organized irrigation enterprises have so far been confined to the 
Sequim area in Clallam County, where four irrigation districts em- 
brace 14,000 acres, of which 6,000 are irrigated, and the Yelm ir- 
rigation district in Thurston County, with a total area of 7,000 
acres, of which 3,000 acres are at present irrigated. Both areas are 
supplied by gravity. The major parts of these irrigated regions 
were treeless prairie lands with rather coarse and excessively 
drained soils and subsoils, which are unproductive without irriga- 
tion. Under present conditions, the economic feasibility of pro- 
viding irrigation water for unimproved, logged-off areas is very 
questionable. Irrigation for the extensive prairie lands between 
Tacoma and Centralia may become practicable in the not too dis 
tant future. Even though these soils are of lower average grade 
than those in timbered areas, the saving in clearing more than 
offsets the costs of irrigation and necessary upbuilding of fertility 

Elsewhere in western Washington irrigation is at present con- 
fined to small-scale individual enterprises, with water obtained 
from streams, springs, and wells. Most farmers pump their supply 
with electric power which is generally available. For some time 
to come, the extension of irrigation in this area will probably be 
confined largely to small individual enterprises. When the bene- 
fits of irrigation become generally recognized and when the de- 
mand for agricultural products justifies increased production, ex 
tension of irrigation will naturally follow. 

Surface supplies from rivers, creeks, and numerous small lakes 
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are generally abundant, and storage will hardly be necessary. 
These sources are favorably distributed with reference to the lands 
likely to ultimately require water, thus permitting development in 
small units at reasonable cost. Diversions from streams and lakes 
for irrigation would almost invariably be located below any feasible 
power developments, and the two usés of water will not conflict. 

Ground water is always obtainable in this region, but depths and 
quantities are generally variable and unpredictable. Exceptions 
are the glacial outwash plains between Tacoma and Centralia, 
where ground water is known to be abundant and the water table 
is within economical reach. Ultimately fair-sized developments 
may be reasonably anticipated in such major valleys as those of 
the Nooksack, Skagit, Stilaguamish, Snohomish, Green, Puyallup, 
Chehalis, and Cowlitz rivers, where soil, topography, water supply, 
existing settlement, and marketing conditions for agricultural prod- 
ucts are favorable. 

Total water requirements as well as monthly distribution of de- 
mand are extremely variable, due to variations in precipitation and 
in soils and subsoils. April and May, for instance, may be too wet 
for planting and seeding, or again almost devoid of precipitation. 
Similarly the last half of August and all of September may be a 
period of near maximum water demand or one of abundant, if not 
continuous, rainfall. Periods exceeding one hundred days without 
measurable rainfall are not unknown. 

It is therefore evident that in western Washington where nor- 
mal stream flow is, generally speaking, ample for all prospective 
irrigation use, the maximum rate of demand is a more important 
factor in determining feasibility of a given project than is the total 
seasonal water requirement. Thus in preparing for irrigation de- 
velopment in western Washington, it seems highly important to 
determine as far as possible in advance, and by actual field experi- 
ments, the maximum rates of water application required for various 
crops by the numerous and widely differing soil types likely to be 
brought under irrigation. 

CuHaRLes J. Bartuovet, M. Am. Soc. C.E. 
State Supervisor of Hydraulics, 
Department of Conservation and Development 
Olympia, Wash. 
September 28, 1936 





Comments on Manual No. 11 


Dear Sir: A fewof the definitions in the Society’s Manual No. 11, 
“Letter Symbols and Glossary for Hydraulics,” seem to be in need 
of revision, On page 4, we find the term “‘conjugate’’ applied to 
depths before and after the hydraulic jump. This term is not de- 
fined in the glossary, and unless it is carefully defined so that its 
meaning is restricted to this special sense, it had better be omitted. 
Otherwise, there is the possibility that it will be interpreted to apply 
to the depths of equal energy of flow, commonly referred to as al- 
ternate depths. 

In the definition of the bore, on page 9, and of the hydraulic 
jump, on page 20, it is stated that the hydraulic jump “represents 
the limiting condition of the surface curve wherein it tends to be- 
come perpendicular to the stream bed.”’ If this statement means 
that the surface of the hydraulic jump tends to become perpendicu- 
lar to the stream bed, it is misleading, for the jump has a length, 
commonly four or five times its height. If the statement refers 
to the end of the backwater curve, where it tends to become ver- 
tical as it crosses the criticai depth, it is incorrect. As the depth of 
flow approaches this point, the depths before and after the jump 
become nearly equal, and the jump finally degenerates into a stand- 
ing wave which lacks the impact, turbulence, and energy loss that 
characterize the true hydraulic jump. I suggest the following defi- 
nition for hydraulic jump—‘‘the sudden and turbulent passage of 
water from low stage below critical depth to high stage above criti- 
cal depth, during which the velocity passes from supercritical to 
subcritical. The jump is accompanied by impact and loss of 
energy. The relation of depths can be determined by use of the 
theorem of conservation of momentum.” 

Cuestey J. Posey, Jun. Am. Soc. C.E. 
Assistant Professor of Mechanics 
and Hydraulics, State University 
Iowa City, Iowa of Iowa 
October 10, 1936 


Obsolescence in Highway Design 


To THE Eprtor: I should like to comment on the article, “High- 
way Design Applied to the State System,” by Mr. R. H. Baldock 
in the October issue. In the western parts of both Oregon and 
Washington, heavy forests and dense growth of vegetation very 
materially limit the vision and operations of reconnaissance and 
locating parties. In Washington there are numerous instances of 
locations, made only a few years ago through such areas, that are 
definitely obsolete at the present time. When these routes were 
constructed, it was felt that the proper location had been secured. 
However, the timber has now been removed, and it is very evident 
in many instances that the proper location was not secured. By 
the correct use of aerial mosaics and aerial reconnaissance, such 
errors can be almost entirely eliminated. It should be pointed out, 
however, that aerial mapping is of value only if it is accurately 
done. 

As pointed out by Mr. Baldock, we have found that sketches 
similar to those used by architects have proved very helpful. Such 
sketches were first used in our bridge department in making pre- 
liminary layouts for all types of major structures. Recently, 
however, they have been found helpful in securing right of way on 
sections where the resultant property damage would be high and in 
areas where it is difficult to explain to adjacent property holders 
the results of proposed changes in grade and alignment. These 
sketches have also proved valuable in condemnation cases and are 
absolutely necessary in landscaping or roadside improvement proj. 
ects. Engineers are apt to forget that standard maps and profiles 
are not readily understandable to the layman and that it is only 
through the use of photographs, pictures, and sketches that he 
can be made to understand fully the improvements and changes 
that are contemplated. 

Perhaps the most important feature covered in Mr. Baldock’s 
paper is the matter of obsolescence. For many years highway 
engineers have given careful attention to the proper use of both 
concrete and bituminous materials for roadway surfaces. How- 
ever, it is now apparent that too little thought has been given to 
the matter of location standards and design of roadway sections. 
Unfortunately, obsolescence is often most pronounced on highways 
carrying the heaviest traffic and connecting the most populous 
centers, for naturally it was such roads that were first improved. 

It is often asked why this condition exists. This question can 
probably be best answered by referring to the increased motor- 
vehicle registration and the improvements made in automobiles 
during the past few years. In 1904 there were 8,000 motor 
vehicles registered in the United States; in 1936 there were 
26,000,000. A few years ago speeds of 35 and 40 miles an hour 
approached the maximum for automobiles; the present-day motor 
car is capable of speeds of from 80 to 90 miles an hour. Fifteen 
or twenty years ago, roadbuilders could not reasonably anticipate 
such far-reaching changes. 

In view of what has happened in the past, it may well be asked 
whether future developments will not render obsolete the present 
high standards of construction. A definite negative answer can- 
not be given; the future keeps its own counsel. Nevertheless, it 
may be said that the future will never make a 2-deg curve as awk- 
ward to negotiate as a 20-deg curve, and the future can never ren- 
der obsolete good visibility, once it is attained. 

The information contained in Mr. Baldock’s paper should be 
considered as basic for the design of both primary and secondary 
highways. The standards of design as presented are essentially 
the same as those used by the Washington State Highway Depart- 
ment. I believe that they will prove adequate for future traffic 
requirements. Refinements, such as transition or spiralled curves, 
changes in superelevation, and soil stabilization, are all necessary 
However, if we adhere closely to the standards now established 
throughout the western states and if we benefit by the surveys 20W 
being carried on under the direction of the U. S. Bureau of Publi 
Roads, it can be definitely predicted that obsolescence will not deal 
with the work of today as it has dealt with the work of twenty 
years ago. 
Lacey V. Murrow, Assoc. M. Am. Soc. C-E 

Director of Highways, Washington 

State Highway Department 


Olympia, Wash. 
October 6, 1936 
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n SOCIETY AFFAIRS 

> Official and Semi-Official 

and inate 
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and 
es of - . yy > rye | . 
on Fall Meeting Covers Wide Range of Timely Subjects | 
were 
ured NICAL PROGRAM so broad in its scope as to attract men in program was well conceived and carefully presented; interest 
ident very branch of civil engineering brought an unusually was sustained from start to finish; and the attendance was ex- 

By ndance to the Fall Meeting of the Society, which con- cellent. The highway program boasted of an audience larger than 

Such Pittsburgh on October 13. River control, power eco- any within the memory of the Division officers. Well-directed 
1 out, highway problems, surveying, and materials of construc- 
ately all treated in well-correlated symposiums presented over 

.1y period. In all, the work of eight Technical Divisions 

tches nted. 
Such 

pre- A VARIED PROGRAM 
om Cleve land and Central Ohio Sections shared honors with the 
nd in gh Section in making the program a success. The Central 
i Section cooperated with the Highway Division in preparing 
on ns on highway design and construction, and t he Cleve- 
Son ion joined the Sanitary Engineering Division in two ses- 
Dro} re am pollution. The Pittsburgh Section itself, in addi- 
ofiles rforming its duties as host, worked with the Structural 
mre in presenting four sessions on the structural applications of 
t he i light-weight alloys; with the City Planning Division in 
naes ions on the traffic and financial problems involved in the 

¢ of major highways; and with the Surveying and Mapping 

ck’s in a single session on the state system of plane coordinates. 


Or opening day the general sessions were given over to papers 
| control, special attention being paid to the eastern floods 

136, the economic aspects of flood control, and the problems 

, national flood-protection policy. These subjects were further 
| in two technical sessions on the following day, under the 

of the Waterways Division. At the afternoon meeting 

tions of flood control centering around Pittsburgh and the 
Valley were developed in detail. Partly because of the ap- 

f this topic and partly because of the excellent presentation 
local and community problems, this session drew the ban- 
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PITTSBURGH'S GOLDEN TRIANGLE—THE CENTER OF MUCH OF THE 
NATION’S TRAFFIC IN METALS 


cooperation certainly showed to good effect here as elsewhere. 
Unquestionably the most ambitious program was that under- 


uddition to the symposiums al- 
nentioned, two on the eco- 
ispects of energy generation 
msored jointly by the Power 
ind the Engineering-Eco- 
ind Finance Division. The 
aapers presented bore evi- 
ireful coordination and long 
xperience on the part of 
vriters. The same might be 
well of the symposium 

State System of Plane Coor- 
ind the one covering two 
m Planning of Major High- 
The reception in each case 
iastic, so much so that the 

It well repaid for their 


SECTIONS LEND A HAND 


cipation of two neighbor- 
Sections in a number of the 
ions was an innovation 
pecial mention. While 
that the Cleveland and 
io Sections were centered 
1undred miles away, in 
me misgivings were na- 
to whether the arrange- 
prove a success. How- 
perience in both instances 
could be desired. The 





endance of the meeting. Almost 300 members were present 
ive careful and appreciative attention to every point. 





Louts C. Hitt ror Society Presi- 
DENT IN 1937 


Louis Clarence Hill, of Los Angeles, Calif, 
was selected by the Nominating Committee at 
its meeting in Pittsburgh on October 11, 1956, 

| as the official nominee for President of the 
Sociely for 1937. His name, together with 
those of the official nominees for other Society 
offices, will appear on the final ballot, to be 
voted on in January by all Corporate Members 
in good standing. 

In his 50 years of professional practice, Mr. 
Hill has achieved an international reputation 
in the field of dam design and irrigation de- 
velopment. He has had an important part 
in many of the large reclamation projects of the 
West, of Canada, and of Mexico, and of late 
years has served as consulting engineer to both 
the Department of the Interior and the War 
Department on large dams in all parts of the 
country. His nomination to the highest post 
in the Society ts at once a recognition of past 
achievement and an invitation to further serv- 
ice to the profession. 

A brief biography of Mr. Hill will be pub- 


lished in a later issue. 











taken by the Structural Division in its symposium on Steel and 
Light-Weight Alloys. This covered two entire days, or four sessions 


consecutively. In spite of this length, 
interest and attention did not flag. 
The dozen speakers held their audi- 
ences well in the face of three and 
sometimes four counter-attractions. 
Doubtless the total attendance at 
this symposium outdistanced the 
others The subjects particularly 
appealed to Pittsburgh engineers, it 
is true, but probably the greatest fa- 
vorable factor was the intelligent as- 
sembly of component topics and the 
careful selection of specialized experts 
As one of the officers 
remarked when asked if this sympo- 
sium was all right, “It is more than 
‘all right!’’’ This was the general 
reaction. 


as authors. 


ENGINEERS AS PATRONS OF ARTI 


The enthusiasm with which mem- 
bers and their guests participated in 
the social events demonstrated again 
that much of the value of the quar- 
terly meetings lies in the spirit of good 
fellowship that they engender. Lunch- 
eons for special groups were sched 
uled for each day of the meeting, and 
the evenings were given over to a 
variety of entertaining functions. On 
Tuesday evening there was a smoker 
for the men, while the ladies enjoyed 
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a separate program that included motion pictures and a floor show 
The following night, members, ladies, and guests were privileged to 
attend a preview of Carnegie Institute’s famous annual Interna- 
tional Art Exhibit. This event was followed by a party at the 
William Penn Hotel, with dancing, supper, and a floor show. On 
Thursday the social events were brought to a close with a dinner 
dance, also held at the William Penn 

During the technical sessions, the ladies were kept busy with a 
round of delightful motor drives, luncheons, and parties. A group 
which took a fascinating trip through the H. J. Heinz food prod 
ucts plant— including incidentally a delectable lunch—is pictured 
in an accompanying photograph 





Tue Lapres Hap THerr Own INSPECTION TRIP 


Feminine Visitors at the Fall Meeting, Photographed on the 
Steps of the H. J. Heinz Company Plant 


On Friday the Fall Meeting was concluded with inspection trips 
to the Homestead and Schoen plants of the Carnegie-IIlinois Steel 
Company, the New Kensington plant of the Aluminum Company 
of America, and the hydraulic laboratory of the Carnegie Institute 
of Technology At the Homestead plant the visitors watched the 
rolling of plates, sheet piling, and structural shapes, and the opera- 
tion of the open-hearth furnaces. At the Schoen plant, armored 
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bridge floors and rolled steel wheels were being produced. Tiy¢ 
hydraulic laboratory at Carnegie Institute gave an int resting 
demonstration of models of the Tygart River Dam in the upper 
Monongahela basin, the Emsworth Dam on the Ohio River just 
below Pittsburgh, and the Bluestone Dam in West Virginia At 
New Kensington the guests saw experiments of many kinds jn 
progress on model structures of aluminum alloys and fatigue and 
creep tests on specimens of the same material, and inspected the 
extensive metallurgical laboratories. Excellent lunches wer, pro- 
vided for each of the two separate groups of visitors, one by the 
Steel and the other by the Aluminum Company. 


SECTIONS AND STUDENTS TAKE PROMINENT Parts 

In connection with the Fall Meeting two conferences of impor- 
tance to the Society took place. The Local Sections conference oy 
October 12 brought together the representatives of 21 Local Se 
tions for a round-table discussion of Section activities. Plans wer 
also made for the 1937 Fall Meeting. On Thursday, October 14 
the Student Chapter conference was attended by 105 repres« nta- 
tives, faculty advisers, and contact members from 15 Student 
Chapters. The students, 90 in number, demonstrated their abil 
ity to conduct a lively meeting. The older men in turn were able 
to sit back and marvel as one after another of these undergraduates. 
40 in all, stood up and gave their contributions to the discussion 
of four scheduled topics of interest to Student Chapters. It was 
well observed that at least the coming generation of engineers wil! 
not be inarticulate. 

It would be difficult to give adequate individual acknowledg- 
ment here to the many persons who had some part in making the 
Fall Meeting a success. Some 100 members and more than 2 
ladies served on the various committees on arrangements, and 76 
persons contributed papers, formal discussions, or addresses 
further behind the scenes were the Technical Division committees 
that laid the ground work for much of the program. The entir: 
group deserves congratulations for an earnest, cooperative, and 
all-inclusive effort. How well their efforts were rewarded is evi 
dent from the attendance, which totaled almost 800. The inter- 
est and enjoyment were proportionately great 





Meeting of Board of Direction 
October 11, 12, and 13, 1936— 
Secretary's Abstract 


On October 11, 12, and 13 the Board of Direction met at the 
William Penn Hotel in Pittsburgh, Pa., with President Daniel W 
Mead in the chair, and present George T. Seabury, Secretary 
Past-Presidents Eddy and Tuttle; Vice-Presidents Dennis, Lupfer, 
Riggs, and Sawyer; Directors Ammann, Arneson, Barbour, Bur 
dick, Crawford, Etcheverry, Ferebee, Finch, Hidinger, Hill, 
Leisen, McDonald, Morse, Myers, Poole, Proctor, Stabler, Trout, 
Wilkerson; and Treasurer Hovey. It was announced that every 
member of the Board was in attendance 


Approval of Minutes 
The Board approved the minutes of the meeting of July 13 and 
14, 1936; also those of the Executive Committee meeting on Oc 


tober ll, 1936 


Executive Committee Actions 

Various actions and recommendations of the Executive Commit- 
tee were reported to the Board. (These are incorporated in the 
Board minutes and are not listed separately as in reports of previ- 
ous Executive Committee meetings. ) 


Nominating Committee Reports 

In accordance with the Constitution, the Nominating Com- 
mittee met at the time of this Board meeting. Its unanimous selec 
tion of Louis C. Hill, M. Am. Soc. C.E., of Los Angeles, Calif., as 
the ‘‘official nominee”’ for president for 1937, was reported to the 
Secretary and transmitted to the Board 


Sotl Mechanics and Foundations Division 

he Board approved the constitution and definition of scope of 
the Soil Mechanics and Foundations Division which it had previ- 
ously authorized at its July 1986 meeting. The Committee on 
Earths and Foundations was transferred from the jurisdiction of the 
Research Committee to that of the Division's executive committee. 


Members of the Executive Committee were appointed to include 
the following: W. P. Creager of Buffalo, N.Y. (1 year term 
C. S. Proctor of New York, N.Y. (2 years); J. F. Coleman of New 
Orleans, La. (3 years); F. A. Marston of Boston, Mass. (4 years 
and R. V. Labarre of Los Angeles, Calif. (5 years). Mr. Proctor 
was designated as chairman, and T. T. Knappen as secretary 
Division Executive Committee Appointments 

On recommendation of the executive committees of the various 
Technical Divisions, the Board appointed new members of thes 
executive committees for five-year terms to take the place of thos 
members whose terms expire in January 1937. These new con 
mittee officers are listed in complete form on another page 


Soctety Prizes 

The Board adopted the report of the Committee on Prizes for 
papers appearing in Volume 100 of TRANSACTIONS, designating the 
recipients as given elsewhere in this issue in full. 
Local Section Constitutions 

Approval was given to changes in the constitution or by-laws as 
requested by the San Francisco, Louisiana, Panama, and Colorado 
Sections. 
Custis Lee Student Chapter Withdraws 

Letter of resignation was received from the Custis Lee Engineer 
ing Society Student Chapter at Washington and Lee University 
on account of the decision of the University to abandon the depart 
ment of engineering. The Board accepted with regret. 


Life Members 

By regular procedure the Society’s By-Laws were changed 
provide for the designation, “‘Life Members,” as indicated mor 
fully in a separate item. 


New Honorary Members 

The Board canvassed ballots which resulted in the election of hv‘ 
new Honorary Members, the maximum number permissible in an) 
one year. The following Members were thus chosen: Alex D de 
George H. Duggan, Robert Hoffmann, J. B. Lippincott, and J.A.! 
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II 
‘he Wadd Further information on these Honorary Members is Flood Control 
. ! 
ng given “1 @ separate item. Formation of a “Committee on Flood Control’’ was authorized, 
per for the purpose of making a general appraisal of flood control 
ie semice ‘ennial of Engineering Institute of Canada methods with particular reference to their physical and economic 
* Invitation was received from the Engineering Institute of Can- limitations. Funds for this committee work were appropriated. 
nd ada for the Society to be represented at the meeting cele- - i 
he prating its fiftieth anniversary, in Montreal, beginning June 15, Weather Bureau 
ro- 1037, a. a guest of the Institute. In cordially accepting, the Board A resolution was adopted endorsing improvements in the service 
he appointed the incoming president to represent the Society. of the Weather Bureau and the provision of adequate increase in 


appropriation therefor. Details are given 
in a separate item. 





Allocation of Members to Sections | 


wl Directors individually reported on inquir- In This Issue... | Ap pointments 

on es they each had made in conference with Appointments were approved as follows: 
( oficers of the various Local Sections in , A ‘ President Daniel W. Mead on the John 
~ rere several districts regarding the advisa- Fall ry wid Covers Wide 765 Fritz Medal Board of Award to take the 
6, yility of adopting a program involving the Range of Subjects............ p.4 place of Herbert S. Crocker, whose term 
a Jlocation of all members to some Local L. C. Hill for Society Presi- expires in October 1936; and the following 
+ section already existing or newly to be SS | RF p. 765 Society representatives to American En- 
il- formed. Results of similar discussions be- 957 A gineering Council: Alonzo J. Hammond, 
le fore Local Section conferences of the South- Society Officers for 1957 Are Daniel W. Méad, George T. Seabury, 

BI bn o.5.s 00 scsnhneds p. 767 


eastern Region in April 1936 at Hot Springs, Arthur 5S. Tuttle, and the incoming presi- 
{the Western Region in July 1936 at Port- Minutes of Board of Direc- dent. 


= land, and of the Northeastern and Middle IGS wexevecectocss p. 766 iain: Wien 

” Western Regions in October 1936 at Pitts- sa ilies Beem peeganee: ane 
burgh were discussed. The Local Section ; — S is usual, a number of admunistrative 
ie: Honorary Membership ee as i p. 777 and routine matters were presented and 


Committee and the Secretary were requested 

















“ to study all the data thus accumulated and _ Prizesand Medals for Papers acted upon. 

~ report to the Board at its January meeting. im “Transactions” 20.00 00++: p. 775 Aieabines 

. _Early Presidents of the So- The Board adjourned to meet at New 

es Reports Received cietly—Ellis S. Chesbrough....p. 773 York, N.Y., on January 18, 1937. 

- Reports were presented from the So- ——— 

7 iety’s Committee on National Water : 

44 Policy, from United Engineering Trustees, Inc., from Engineer- Memoirs of Deceased Members 
ng Foundation, from American Engineering Council, from the 
Construction League of the United States, and from Engineers’ Amonc the latest memoirs of deceased members available are ( 
Council for Professional Development. two Honorary Members, ten Members, one Associate Member, 


and one Junior. The accumulated record of their professional 
achievement has been intimately connected with the Society over 
a period of 43 years. The preprints now available will be published 
Upon recommendation of the Executive Committee, the Board jn Vol. 102 of TRANSACTIONS to be issued next year: 

dopted “as a guiding principle, the policy of furthering the inter- 


Furthering Interests of Members 


. sts of all the members of the American Society of Civil Engineers Ernest William Branch........... Soue-2580 
is far as may be consistent with a high plane of professional stand- = . sees viens 

ude ene ethaee. John Hirst Caton, 3d............. 1883-1936 

- Joseph Firth........ ... 1878-1936 
. Budget Matters Milo Smith Ketchum. . 1872-1934 
“ : , P : George Casper Doering L enth a 1882-1936 
Upon recommendation of the Executive Committee, certain re- Charies Albert McKenney... _ 1870-1935 
idjustments were made in the budget, approving a contribution to Riwood Mead........ 1858-1936 

the work of the Engineers’ Council for Professional Development, James Edwin Parker............. 1884-1934 

and an allotment to United Engineering Trustees, Inc., for its Reenen Jacob Van Reenen........ 1884-1935 
: epreciation and renewal fund. Earl Stimson................. _. 1873-1936 
Charles Louis Strobel............. 1852-1936 

Aaron Stanton Zinn.............. 1862-1936 


Professional Conduct 


The Committee on Professional Conduct reported on several 


matters Certain of the cases of alleged unprofessional conduct Society Officers Nominated for 1937 


had to do with the furnishing of engineering reports, information, 

or data, without charge or on a contingent basis. ’ On October 15 the second ballot was canvassed to determine 
The committee also reported on requests received for restoration yominees other than president for Society offices to be filled in 
membership of certain persons previously expelled. The Board’s January 1937. The report of the tellers on this ballot is printed 
‘ton was to continue this matter in the hands of the committee jy, ful] elsewhere in this issue. In accordance with Article VII 





phn ~ poy next meeting of the Board. Section 4 of the Constitution, the candidate for the office of presi- 
- ¢ Board ruled upon the circumstances and manner under dent was chosen by the Nominating Committee on October 11. 
which, in answer to a hypothetical question submitted, it is not un- The complete list of nominees is as follows: 


professional and inconsistent with honorable and dignified bearing 


‘or an engineer to review the work of another engineer either with For President: 


Louis C. Hill, of Los Angeles, Calif. 


r without hisconsent. See page 768 of this issue. 
For Vice-Presidents: 
—- Zone IT, L. F. Bellinger, of Atlanta, Ga. 
wirtcts and Zones Zone III, R. C. Gowdy, of Denver, Colo. 
The Committee on Districts and Zones recommended that there For Directors: 
% no change in the boundaries of the Districts and Zones for the District 1, William J. Shea and Enoch R. Needles, of New 


lection procedure of 1937. : York (two to be elected) 
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District 2, Arthur W. Dean, of Boston, Mass. 

District 6, R. P. Davis, of Morgantown, W.Va. 

District 10, T. Keith Legaré, of Columbia, S.C. 

District 13, Thomas E. Stanton, Jr., of Sacramento, Calif. 


These nominees will be voted on by the use of final ballots sent 
to every Corporate Member 40 days before the Annual Meeting 
in January. The ballots will be canvassed one week before the 
Annual Meeting, and the elected officers will be inducted into 
office at the Meeting. 





Endorsement of Weather Bureau 


Contracts of the Society’s Committee on Meteorological Data 
with the program and work of the U. S. Weather Bureau have con- 
vinced the committee that the Bureau should receive public sup- 
port in its efforts to enlarge and improve its service. With this 
in mind, the Board of Direction at its Pittsburgh meeting voiced its 
approval of this government activity by adopting the following 
resolution: 

WHEREAS, more accurate and complete meteorological data are 
essential to many branches of human endeavor including naviga- 
tion, agriculture, aviation, and engineering; and 

WHEREAS, the Special Committee on Meteorological Data of the 
American Society of Civil Engineers, the Water Resources Com- 
mittee of the National Resources Committee, and the Advisory 
Committee to the Secretary of Agriculture on the Weather Bureau 
have all urged the expansion and improvement of the service fur- 
nished by that Bureau, which will call for an increase in appro- 
priations for the Bureau, now deemed inadequate even for the 
present service; 

Therefore, be it resolved, by the Board of Direction of the American 
Society of Civil Engineers that it endorses improvements in the 
service of the Weather Bureau, and the provision of an adequate 
increase in appropriation therfor, especially along the following 
lines: 


a) Stimulation of the service by adding qualified new men, 
by additional training of selected men now in the present 
organization, by further personal contact between field and 
office officials, and by regular inspections of both first-order 
and voluntary stations. 

6) Research. 

c) Extension of upper-air observations to obtain, if pos- 
sible, more exact and longer range forecasting. 

d) Increased number of observation stations, especially 
in the high mountain areas, and reports from more ships at sea. 

e) Snow surveys and evaporation observations from water, 
snow, and soils. 

f) The complete adoption and use of the International 
Figure Code. 





Organization of New Technical 
Division Completed 


AT ITs meeting in Pittsburgh on October 11, the Board of Direc- 
tion gave final approval to the establishment of a new Technical 
Division of the Society, to be known as the Soil Mechanics and 
Foundations Division. The preliminary work of organization has 
been under way for several months, and already more than 150 
members have been enrolled. Some 60 of them have already 
contributed suggestions relative to organization and scope of 
activities. 

A detailed statement of the plans of the new Division will appear 
in a later issue. It may be stated now, however, that six com- 
mittees have already been authorized. Two will take over the 
work of the existing Research Committee on Earths and Founda- 
tions. Another will arrange a program for the first technical ses- 
sion of the Division, to be held in October 1937. A fourth com- 
mittee, on pile-driving formulas and tests, will work jointly with the 
similar committee of the Waterways Division. The remaining 
two are charged respectively with compiling a bibliography on soil 
mechanics and preparing a glossary of terms on the same subject, 
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as well as reporting on the classification of soils. The Divi: |.’ 
executive committee is proceeding with a careful study of a ur jeq 
program before setting up additional committees and in :h,¢ 
meantime will welcome further suggestions from the mer: ber. 
ship. 

With the thought that many who have not yet had the oppor. 
tunity to do so will wish to affiliate themselves with the new unit 
the following brief review of the general purposes and work of the 
Technical Divisions is presented. 

Technical Divisions constitute the Society’s medium for the ad. 
vancement of its technical work. They may be organized for the 
consideration of any engineering, scientific, or professional sub ject 
Membership in one or more Divisions is the prerogative of every 
member of the Society, and may be obtained on written request to 
Society Headquarters. Such membership identifies one as being 
interested in the particular specialty of the Division to the extent 
of wishing to be kept advised of matters pertinent to that subject, 
and of being considered as available to assist by participation in 
programs or on committee work 

It is the function of a Technical Division to assume leadership 
in matters embraced within its specialized field. It originates and 
pursues inquiries along new lines; it constantly surveys the field 
and records advances and improvements as they are made; it elicits 
authoritative papers. 

Much of the material published by the Society is produced under 
the sponsorship of the Technical Divisions. Progress reports of 
the various Division committees appear from time to time in Pro- 
CEEDINGS, where they are discussed by the membership at large. 
Some of these later form the basis for final reports; others may be 
shaped into Manuals, designed to contain information useful to the 
average engineer in his everyday work. The Divisions also for- 
mulate a large part of the technical programs of the quarterly 
meetings of the Society, and obtain speakers for them. Papers 
thus presented appear later in abstracted form in Crvm ENGrInerr- 
ING, or, if the subject and presentation seem to warrant extensive 
discussion, they may be published in full in ProceEpINcs. 

With the newest addition, there are now 11 Technical Divisions, 
each carrying on its work through an executive committee and such 
technical committees as are required. Of the latter there are ai 
present a total of 50; the membership and general purpose of each 
is given in the current Year Book. 





Ethics of Reviewing Another Engi- 
neer’s Work Without His Consent 


AMONG OTHER THINGS, the Society’s Code of Ethics provides 
(Paragraph 5) that it shall be considered unprofessional and incon 
sistent with honorable and dignified bearing for any member of 
the Society “to review the work of another engineer for the same 
client except with the knowledge and consent of such engineer 
or unless the connection of such engineer with the work has been 
terminated.” A hypothetical question covering this provision 
was submitted to the Society’s Committee on Professional Conduct 
and by the committee referred to the Board at its Pittsburgh meet- 
ing with a suggested answer. The committee’s interpretation, as 
noted in the following, was approved by the Board. 


Hypothetical Question: 


“A client wishes to have the work of Engineer A reviewed and 
askes Engineer B to make such review. Engineer B advises Eng! 
neer A of the proposed engagement. Engineer A refuses to give 
his consent. Under these conditions, is Engineer B free to accept 
the engagement and make the review requested?” 


Answer as Approved by Board of Direction: 


“It shall not be considered unprofessional and inconsistent with 
honorable and dignified bearing for an engineer to review the work 
of another engineer either with or without the consent of that eng! 
neer provided he is courteously informed of the proposed review 
and, further, that the reviewing engineer provides the original 
engineer with as full opportunity as possible to explain his original 
work,” 
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Pittsburgh Meeting Publicity 


\ICITY EFFORTS for the Fall Meeting of the Society pene- 
to the local headlines in Pittsburgh newspapers and re- 
considerable attention on the wires of national news agen- 
espite the fact that Pittsburgh is one of the principal battle 
is of the national political campaigns and that the city itself 
e throes of a most unusual mayoralty situation. While it 
too early to make more than a preliminary estimate of space 
tained, clippings from 36 cities, averaging more than one-half 
column each, are on hand. 

Interest in the flood control papers ranged high in cities through- 
e flood areas, and it is anticipated that many additional 









—— 
— 


crn ENes 
‘ {TIONAL ee 
rT 










> > 
de 
> 
ey 





| 4 
" GIVIL ENGINEERS TOLD OF 
IMPORTANCE OF IRRIGATION 


£4307" 
= 


vr 





ia) eaten 

Plmeae’ ———_- . 
[see 4 Director Says Scarcity 
(=| Railroad Agricultur merica in Future 








Wiper Pus.icirysIs Berne AccorDED Society ACTIVITIES BY THE 
DAILY PRESS 
Samples of Newspaper Accounts Written Around Official Releases 
of the Society’s Publicity Department on the Annual Convention 
in Portland, Ore. Clippings Totaling Over 1,260 Column Inches 
About the Convention Are on File at Society Headquarters 


clippings on that subject will be received before this issue of CrviL 
ENGINEERING leaves the press. Further interest was attracted by 
papers dealing with the participation of the U.S. Weather Bureau 
in matters of flood control and resulted in the publication of con- 
structive news stories. The headline on one news story of the 
flood symposium stated, “BIG EXPANSION FOR WEATHER 
BUREAU URGED-—Vital In Any Flood Control.” 

An editorial in connection with the meeting which appeared in 
the Pittsburgh Post-Gazette on October 15, outlined the tremendous 
flood tolls in loss of life, homes, buildings, and other property, and 
added: ‘The engineers know how to stop this sacrifice of re- 
sources, through impounding waters in seasons of excessive pre- 
“Ipitation and release of waters in dry seasons. . . . When the legis- 
lators catch up with the engineers, the problem will be advanced 
on its way toward solution.” 

lhe (wo examples quoted are typical of the constructive coopera- 
tion ned by the, Society’s publicity department from news- 
paper pite the fact that,their available space and man power 
wert y depleted by an avalanche of important news from other 


sour 
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Appointments on Division Executive 
Committees 


IN ACCORDANCE WITH the By-Laws, ten Corporate Members of 
the Society were appointed by the Board at its meeting on October 
11, 1936, to be members of the Executive Committees having 
charge of the affairs of the various Divisions. These appoint- 
ments were made following nominations by the Nominating Com- 
mittee of each Division, as required by Article VIII, Section 3 of 
the By-Laws. 

Appointments of the following members were made for a term of 
five years: 





Drvision New Com™itres Member 
fe ree, 
Construction . . , ; sx s S. D. Bechtel 
Engineering -Ec ics and Fi Fred Lavis 
Highway . . 6 on baad W. N. Carey 
Irrigation ; , R. J. Tipton 
Power . . . % ; : . .O. G. Thurlow 
Sanitary Engineering bs: 4 A. D. Weston 
NT a ae ee oe Shortridge Hardesty 
Surveying and Mapping P . Philip Kissam 
ET cs ts a. ot te OS Owe O60 08 8.8 L. C. Sabin 





By-Laws Amended to Recognize 
Life Members 


AT A MEETING of the Board of Direction on October 11, 1936, an 
amendment to the By-Laws was adopted changing Section 5, 
Article II, and adding new Sections 5 and 6. 

The section struck out previously read: 

“5. Every person admitted to the Society shall be considered 
as belonging thereto and liable for the payment of all dues until he 
shall have resigned, been expelled, or have been relieved therefrom 
by the Board of Direction.” 

The new form of Section 5 is as follows: 

“5. Every person admitted to the Society shall be liable for the 
payment of all dues until his membership is terminated, unless he 
has been relieved from the payment thereof by action of the Board 
of Direction, or as provided in Article IV, Section 7 of the Constitu- 
tion.” 

A new Section 6 was added, as follows: 

“6. Those Corporate Members and Affiliates who become ex- 
empt from the payment of dues under the provisions of Article IV, 
Section 7 of the Constitution, shall thereafter be known as Life 
Members, but the use of this term shall not be construed to estab- 
lish a separate grade of membership.” 





Engineers’ Council Reelects Scott 


CuHaARLEs F. Scott, professor emeritus of electrical engineering 
at Yale University, was reelected chairman of the Engineers’ 
Council for Professional Development at the fourth annual meeting 
of the Council held in New York on October 6. At the morning 
session, in addition to the election of officers and chairmen of com- 
mittees, reports of the Council’s committees were presented. In- 
terest centered around the report of the Committee on Engineering 
Schools, and at afternoon and evening sessions formal action on the 
accrediting of engineering curricula of educational institutions in 
New England and Middle Atlantic states was taken. Pending 
formal notification of the institutions involved in the accrediting 
procedure, the lists have not been made public. 

H. H. Henline, national secretary, American Institute of Elec- 
trical Engineers, was elected secretary of the Council. By action 
of the Council the by-laws were amended to provide for the offices 
of vice-chairman and assistant secretary, and R. I. Rees, assistant 
vice-president, American Telephone and Telegraph Company, was 
elected vice-chairman, and C. E. Davies, secretary of the American 
Society of Mechanical Engineers, was elected assistant secretary. 
Chairmen of the Council’s committees were elected as follows: 
Student Selection and Guidance, Robert L. Sackett, dean of engi- 
neering, Pennsylvania State College; Engineering Schools, Karl 
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T. Compton, president, Massachusetts Institute of Technology; 
Professional Training, R. I. Rees; Professional Recognition, Con- 
rad N. Lauer, president, Philadelphia Gas Works; Ways and 
Means, R. I. Rees; and Information, H. C. Parmelee, editorial 
director, Engineering and Mining Journal. 

Executive Committee members elected were: J. P. H. Perry 
Am. Soc. C.E.), F. M. Becket (A.I.M.E.), C. F. Hirshfeld 
A.S.M.E.), L. W. W. Morrow (A.1.E.E.), H. C. Parmelee (A.I. 

Ch.E.), R. I. Rees (S.P.E.E.), D. B. Steinman (N.C.S.B.E.E.). 

In addition to the report of the Committee on Engineering 
Schools, reports of the Committees on Student Selection and Guid- 
ance and on Professional Training were approved. The report of 
the Committee on Professional Recognition was received and held 
over for discussion at a meeting to be called at some later date. 

The report of the Committee on Student Selection and Guid- 
ance, of which R. L. Sackett, dean of engineering, Pennsylvania 
State College, is chairman, was devoted to the committee’s studies 
of cooperative tests in English and mathematics with which it has 
been experimenting in an effort to find a reliable means of predict- 
ing a young student’s ability to complete a course in engineering 
training. Results of attempts on the part of the committee to en- 
courage local groups throughout the country in intelligent selec- 
tion and guidance of students were reported. 

In the report of the Committee on Professional Training, R. I. 
Rees told of the year’s work with junior engineers recently gradua- 
ted from college. Successful inauguration of organized classes 
of study for junior engineers of the Providence Engineering So- 
ciety was announced. It was also reported that the committee 
had completed its “Selected Bibliography of Engineering Subjects” 
for young engineers who wish to continue study in allied fields of 
engineering 

rhe Engineers’ Council for Professional Development is a con- 
ference of engineering bodies organized to enhance the professional 
status of the engineer through the cooperative support of the na- 
tional organizations directly representing the professional, techni- 
cal, educational, and legislative phases of the engineer’s life. The 
participating bodies are the American Society of Civil Engineers, 
the American Institute of Mining and Metallurgical Engineers, 
the American Society of Mechanical Engineers, the American In- 
stitute of Electrical Engineers, the American Institute of Chemical 
Engineers, the Society for the Promotion of Engineering Educa- 
tion, and the National Council of State Boards of Engineering 


Examiners 





Report of the Tellers on Second Ballot 
for Official Nominees 
To the Secretary October 15, 1936 
American Society of Civil Engineers: 
rhe tellers appointed to canvass the Second Ballot for Official 
Nominees report as follows: 


lotal number of ballots received 3,498 
Excluded ballots 
From members in arrears of dues 157 
Not signed 27 
With illegible signature 2 
From members who have died since voting 2 
From non-members l 
lotal ballots withheld from canvas 189 
Ballots canvassed 3,309 
For Vice-President, Zone Ll 
J]. Houstoun Johnston 327 
L. F. Bellinger 409 
A. C. Polk 398 
Void 3 
Blank 11 
Total 1,148 
For Vice-President, Zone lll 
R. C. Gowdy 449 
D. J. Brumley 285 
Chas. H. Paul 379 
Void l 
Blank 2 


Total 1,116 


For Directors, District 1 (two to be elected) 


William J. Shea . 473 
Enoch R. Needles 
R. E. Bakenhus 243 
Void votes .. 0 
Blank votes . . 39 
Total votes registered 1,178 
Total ballots received in District 1 (one-half 
of above figure) . . ony gots ; 589 
For Director, District 2 
Arthur W. Dean . : , 210 
. a iy 1 
Blank .. ; Ay . 0 
Total . As ait 211 
For Director, District 6 
R. P. Davis . : i 170 
wee ss we & ‘ 0 
rr P| 1 
ll : eee, > eee 171 
For Director, District 10 
N. W. Dougherty .. , we 135 
T. Keith Legaré ... 178 
Rice sak fee : 97 
ME ot 4 to ted eG < ; A 2 
a Shs 5 eK eng kt. ue al dd hig, 18 
ee a eee: 430 
For Director, District 13 
Thomas E, Stanton, Jr. . “ee ; 245 
Pe eae! oe i a 0 
ae ss ‘ perma _0 
rr ee oe 245 
Respectfully submitted, 
V. T. Boucuton, Chairman 
A. H. Baker Benjamin A. Hodgdon 
Robert Stephenson T. Grahlman 
B. F. Biemann Philip M. Parker 
Charles D. Thomas Tellers 





Lantern Lectures in Demand 


On OctosBer 10, when copy for this issue of Crvm ENGINEERIN’ 
was being made ready for the printer, there were on file nineteen 
advance reservations for the showing of the lantern lectures main 
tained for the use of Student Chapters. On that date, four show 
ings had already been held, in or near the city of New York, and 
others were to take place shortly. These lectures, first released in 
the fall of 1929, and added to from time to time, continue to be 
popular with each new class of students 
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ONE OF THE SLIDES FROM THE LECTURE ON WHEELER Dam >! . 
THE DENTATED SILL AT THE TOE OF THE APRON FOR Drssir Astin’ 
THE ENERGY IN THE FALLING WATER 
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Dreitt Hotes AT Norris DAM WERE LARGE ENOUGH TO PERMIT 
ENGINEERS TO DESCEND IN THEM AND EXAMINE THE BEDROCK AT 
First HAND—THIS SLIDE SHOWS THE CORES 


The three new titles mentioned in the September number are 
now available. Two of these are descriptive of the work being 
done by the Tennessee Valley Authority. One shows the Norris 
Dam, and one the Wheeler Dam. Taken with the earlier release 
in the Wilson Dam, an outline is given of the development of the 
rennessee Valley from the year 1918 to the present time. Another 
new lecture treats briefly of the substructure of the San Francisco- 
Oakland Bay Bridge, and the new type of caisson used on that 
work. Including the older lectures, and the revised edition of the 
lecture on Mississippi River Flood Control, the list now available 
omprises the following titles: 
\erial Photographic Mapping Holland Tunnel 
Carquinez Strait Bridge Miami Flood Control 
Cascade Tunnel Mississippi River Flood Control 
Catskill Water Supply Norris Dam (Tennessee Valley) 
Conowingo Hydro-Electric Recent Power Development at 
Development Niagara Falls 
Coolidge Dam San Francisco—Oakland Bay Bridge 
Florianopolis Bridge —Substructure 
George Washington Bridge Westchester County Park System 
Hetch Hetchy Water Supply Wheeler Dam (Tennessee Valley) 
and Power Plant Wilson Dam at Muscle Shoals 
Local Sections and other organizations have already found the 
ectures of great assistance in preparing a program. To the extent 
that such use of the lectures will not interfere with the activities 
f the Student Chapters, reservations from Sections will also be 
given consideration. 





Convention to Be Held in Phoenix, 
November 12—14 


\ THREE-DAY convention to be held at Phoenix, Ariz., by mem- 
ers of District 11 of the Society, will feature irrigation and other 
ngineering activities in the Salt River Valley of Arizona. 

On Thursday, November 12, 1936, the Arizona Section will hold 
i meeting and a smoker. The convention proper will be opened 
it the Westward Ho Hotel, 9:30 a.m. on Friday with addresses of 
welcome by Governor B. B. Moeur of Arizona and Mayor John H 
Udall of Phoenix. The response will be by Raymond A. Hill 
Direct » from District 11. Daniel W. Mead, President of the 
society, will also make an address. 

Che first technical paper, dealing with prehistoric irrigation in 
the Salt River valley, will be presented by Byron Cummings. W. 
W. Lane, M. Am. Soc. C.E., will then discuss irrigation develop- 
ment im Arizona. At a joint luncheon meeting with the Phoenix 


\napter of the American Association of Engineers, Vernon Clark 
will describe early irrigation in the Salt River valley. 

A paper on the construction of the Salt River project, by Louis C. 
Hill nominee for president of the Society for 1937, will open the 
‘riday afternoon session. Addresses on highways and on sanitary 
engine g in the valley, by T. S. O’Connell, M. Am. Soc. C.E., 
ind Dario Travini, respectively, will be followed by a description 
M the water supply studies preceding construction of the Roosevelt 
7 is summarized by Howard S. Reed, Assoc. M. Am. Soc. C.E. 

et 


and ball will be held that evening 
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Saturday will be occupied principally by an inspection trip to 
Horse Mesa Dam. The convention will be brought to a close at 
5:00 p.m. with a desert picnic at Canyon Lake. For the ladies, a 
special entertainment will take piace on Friday afternoon. Special 
trips to points of scenic or engineering interest may be arranged by 
members and guests. A large attendance is anticipated in view of 
the well-rounded program. All Society members are cordially 
invited to be present. 





Papers Filed in Library 


THREE PAPERS by members of the Society have recently been de- 
posited in the Engineering Societies Library, 29 West 39th Street, 
New York, where they are available for reference. Prices for 
photostatic reproductions will be quoted by the library on request 


STAGNANT WATER IN City Ponps 


Fiesus, C. G., Assoc. M. Am. Soc. C.E.: “Stagnant Water in 
City Ponds” (3,500 words, plus 17 pp. tables, 14 pp. photographs 
of algae specimens, 5 pp. charts). This is a study of the biochemi- 
cal oxygen demand of various living and dead algae, based on origi- 
nal field observations and laboratory work covering all the waters 
of the New York metropolitan area. The laboratory methods are 
described and a typical problem, determining the potential effect 
of algae on the oxygen content of a proposed lagoon, is worked out 
in detail. An album containing 18 specimens of sea algae ac- 
companies the report 


STRUCTURAL ENGINEERING PROBLEMS 


Mo itor, Davin A., M. Am. Soc. C.E., “Structural Engineering 
Problems”’ (about 90,000 words, including 60 tables and 61 draw- 
ings). The subjects dealt with are statically indeterminate beams, 
columns, and rigid frames, especially those met with in modern 
buildings of steel and reinforced concrete. Special attention is 
given to wind bracing, retaining-wall and sheet-piling design, and 
wave pressure on breakwaters. (The section on wave pressure 
appeared in the May 1934 ProceepinGs.) The principal methods 
of stress analysis are discussed, and the author selects a method 
based on Mohr’s work equation as being the most satisfactory for 
general use because it is almost universally applicable, and because 
it does not involve the use of integration. Many examples are 
worked out in detail. 





Engineering Curricula Accredited by 


Engineers’ Council 


FORMAL ACTION in accrediting engineering curricula in educa- 
tional institutions in New England and Middle Atlantic states has 
been taken by the Engineers’ Council for Professional Develop 
ment. 

The engineering curricula accredited are only those offered in 
educational institutions in the New England and Middle Atlantic 
states, as the Committee on Engineering Schools, which acts for 
the Council in making the investigations and reports on which the 
accrediting is based, has so far confined its work to these two areas. 
Hence the lists of accredited curricula should be considered in the 
nature of a progress report which will be supplemented when the 
Council has had an opportunity to extend its investigations to insti- 
tutions in other parts of the country. 

Curricula in schools in the United States, not included in the 
New England and Middle Atlantic areas, will be investigated dur 
ing the coming year by the Committee on Engineering Schools, 
and a complete list of accredited curricula will be issued when ap- 
proved by the Council. Only curricula in institutions making 
application to the Council were considered. Some institutions and 
some curricula in the New England and Middle Atlantic states may 
be added to the list as soon as certain criteria essential for judging 
them have been determined by the Council. 

In drawing up its list of accredited engineering curricula, the 
entire Council considered every curriculum separately and based 
its decision on the reports made by a number of groups of engineers 
and educators who visited the institutions under the direction of 
the Council’s Committee on Engineering Schools, of which Karl 
T. Compton, president, Massachusetts Institute of Technology, is 
chairman. Inspection visits were made by one of these groups to 
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90 per cent of the educational institutions in the areas mentioned 
offering engineering curricula leading to degrees, and were made 
only at the request of the institution formally applying for ac- 
crediting by the Council 
The basis for accrediting by the Engineers’ Council was as fol- 
lows: 
Only undergraduate curricula leading to degrees were considered 
at this time 
Curricula, not institutions, were to be accredited and both 
qualitative and quantitative criteria were set up as a basis for 
final action 
Qualitative criteria were evaluated through the inspection com- 
mittee and included the following: 
1. Qualifications, experience, intellectual interests, attain- 
ments and professional productivity of members of the faculty 
2. Standards and quality of instruction 
a) In the engineering departments 
b) In the scientific and other cooperating departments in 
which engineering students receive instruction 
3. Scholastic work of students 
4. Records of graduates both in graduate study and in practice 
5. Attitude and policy of administration towards its engineering 
division and toward teaching, research, and scholarly production 
Quantitative criteria were evaluated through the following data 
secured from catalogs and other publications and from question- 
naires 
1. Auspices, control, and organization of the institution and of 
the engineering division 
2. Curricula offered and degrees conferred 
3. Age of the institution and of the individual curriculum 
4. Basis of and requirements for admission of students 
5. Number of students enrolled 
a) In the engineering college or division as a whole 
») In the individual curriculun 
6. Graduation requirements 


7. Teaching staff and teaching loads 

8. Physical facilities. The educational plant devoted to engi 
neering education 

9. Finances: investments, expenditures, sources of inco 

The list of accredited civil engineering curricula follows: 


Brown University New York University (c) 
Carnegie Institute of Technol- Newark College of Engineering 
ogy (a) Norwich University 


Clarkson College of Technology Pennsylvania State College 
College of the City of New York University of Pittsburgh 


(a) Polytechnic Institute of Brook 
Columbia University (5) lyn (a) 
Cooper Union Institute of Tech- Princeton University 

nology (c) Rensselaer Polytechnic Institut, 
Cornell University Rhode Island State College 
Dartmouth College Rutgers University 
University of Delaware Swarthmore College 
Drexel Institute (d) Syracuse University 
Johns Hopkins University Tufts College Engineering 
Lafayette College School 
University of Maine Union College 
Massachusetts Institute of Tech- University of Vermont 

nology Worcester Polytechnic Institut. 
University of New Hampshire Yale University 


(a) Accrediting applies to both the day and evening curricula 

(6) Accrediting applies to the four-year and five-year curricula 
leading to the bachelor of science degree. 

(c) Accrediting applies to day curricula only. Action on ever 
ing curricula in which the quantitative requirements differ ma 
terially from the usual day curricula has been deterred pending 
further study by a special subcommittee of the E.C.P.D. Commit 
tee on Engineering Schools. 

(d) Accrediting applies to the five-year cooperative curricula 
leading to degrees. 
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Early Presidents of the Society 


s sertes of brief biographies of the early presidents of the So- 
ry effort ts made to appeal to the casual reader as well as to the 
- student of engineering history. To achieve this aim the co- 
peralion of many persons is necessary. Anyone knowing personal 
s in the lives of these men, or possessed of photographs of engi- 
works with which they were connected is requested to communi- 
Society Headquarters. The next three articles will be de- 
William Milnor Roberts, Albert Fink, and James Bicheno 

in the order named. 


VIII. Exvuis SYLVesTerR CHESBROUGH, 1813-1886 
President of the Soctety, 1877-1878 


Ry THE MIDDLE of the nineteenth century, the little settlement 
“s southwest shore of Lake Michigan had become a thriving 
young city. There, at the head of navigation on the lower four 
lakes, the manufactures of the East and the raw products of the 
West changed hands in ever-increasing quantities. From the 
standpoint of com- 
merce, the location 
was ideal. 

From the stand- 
point of healthful- 
ness, however, the 
site of Chicago left 
much to be desired. 
Westward from the 
lake extended a 
marshy plain, broken 
only by the channel 
of a brackish river 
whose source was on 
a dead level with its 
mouth. As the popu- 
lation grew, the city 
was in danger of be- 
ing stifled by its own 
by-products. The 
effluvia of the pack- 
ing plants and of 
household wastes, 
and the sodden filth 
of the soggy streets, 
were at times almost 
unbearable. Cholera 
swept the city in 1849 and again in 1854. Without the aid of 
the sanitary engineer, the limit of municipal growth might soon 
have been reached. 

Perhaps because it had come nearest to reaching the limit of 
endurance, Chicago was the first city in the country to construct 
a sewerage system worthy of the name. A few years later it added 
an improved water supply system that involved an unusual feat of 
engineering. Meanwhile it began to fill the lowlands, eliminating 
the stagnant ponds; it improved its streets and built parks. By 
1870 the “Garden City” had undergone an astounding transforma- 
tion. And a major share of the credit for that change may fairly 
be given to one man—a mild-mannered but persistent engineer, 
Ellis Sylvester Chesbrough. 

Chesbrough was born near Baltimore, July 6, 1813. When he 
was but nine years old his formal education was ended abruptly by 
his father’s failure in business, and at fifteen he found work for 
himself as chainman on a Baltimore and Ohio survey party. He 
was of delicate physique, and it is said that only his strong will 





E_tis SYLVESTER CHESBROUGH 
EIGHTH PRESIDENT OF THE SOCIETY 


arried him through the hardships of that work. His chief was 
mpressed by his intelligence, patience, and cheerfulness, and after 
1 year occasionally entrusted him with a party of hisown. He be- 
ame an assistant engineer at seventeen, and continued in railroad 
work until 1842. 

In that year every railroad construction project in the country 
ame i standstill—an aftermath of the panic of 1837. Ches- 
broug well as many another engineer throughout the country, 
was out of a job. He improved his time by learning the practical 
use Of tools, in the shops of the Providence and Stonington. As 


the depression continued he decided to take up farming, and 





bought land next to his father’s in Niagara County, N.Y. This 
venture was unsuccessful, however, and at the first opportunity he 
returned to his profession, working on railroads in New England 

There he made the acquaintance of the water commissioners of 
Boston, and in 1846 they surprised him with an invitation to be- 
come chief engineer of the western division of that city’s water 
works. That invitation, which proved to be the turning point of 
his career, he all but refused because of his lack of knowledge of 
hydraulics. The commissioners assured him, however, that John 
B. Jervis, who had designed the work then under construction, 
would continue with him as consultant, and he finally accepted. 
In 1849 he completed the Lake Cochituate supply; in 1850 he be- 
came sole commissioner of the water works; and in 1851 he was 
appointed the first city engineer of Boston. In memory of his 
work in that capacity, the name of Chesbrough Road was given to 
one of Boston’s streets in 1933. 

In Europe, the study of sewage disposal was given an impetus 
by London’s Metropolis Water Act of 1852. Chesbrough followed 
the continental developments closely—nothing of importance was 
being done along such lines in America—and in 1855 he was se- 
lected by the sewerage commissioners of Chicago to design a sys- 
tem for that city. 

There were several possibilites. The sewage might be con- 
ducted into artificial reservoirs, ‘‘to be thence pumped up and used 
as manure.”” It might be diverted into the Illinois River by low- 
ering and enlarging the barge canal. It might be turned into the 
Chicago River directly, to flow thence into the lake. The first 
scheme Chesbrough rejected because of the uncertainty that there 
would be enough demand for the manure to pay for distributing it, 
and because of ‘‘the great evil” that would result from a failure of 
the pumps. The second scheme he dismissed on the grounds that 
the enlargement of the canal was ‘‘too remote a contingency to be 
relied upon for present purposes,’ and the third was adopted as 
being the cheapest and surest. 

The area to be sewered was a rectangle bounded on the north by 
Division Street, on the south by North Street, and on the West by 
Reuben Street. Within this area the river branches to the north 
and south, and the south branch was to receive the major load. In 
order to create a sufficient current therein to carry the sewage into 
the lake, Chesbrough included in his plan a canal along North 
Street, equipped with a pumping engine, which was to supply a 
constant stream of lake water to the river. ‘‘Clean water in suffi- 
cient quantities,”’ he said, ‘would be the best deodorant it would 
be possible to obtain.”” Unfortunately, for lack of funds this fea- 
ture was omitted. 

The state of the art of sewer design in 1855 is well illustrated by 
the following extract from Chesbrough’s report: “It is recom- 
mended that all the main sewers be circular, 5 ft in diameter [with 
one exception]. The 
mains are to be built 
8 in. thick, of brick; 
... the smaller ones 
of earthenware 
glazed pipes, if they 
can be obtained in 
sufficient quantites.”’ 
It is also interesting 
to note his comment 
on separate systems: 
“It is said by very 
respectable authority 

. that to drain a 
city perfectly, a sys- 
tem of sewers should 
be constructed for 
the surface water, 
separate from that 
yy provided for other 
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ever became worth while, small sanitary sewers could be con- 
structed cheaply without interferring with the original layout. 
Actually the first separate system in America was built in 1880. 
Because of the flatness of the terrain, Chesbrough laid the sewers 
on a grade of only 1:2,500, a slope several times as flat as the “‘best 
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work was done in open cut, between cofferdams, and appar: ly 
presented no unusual problems. 

Among the projects in other cities with which Chesbrough was 
connected between 1855 and 1879, two deserve especial men: ion 
He was in charge of the first attempt at river tunneling in the 
United States—at Detroit, 
in 1872. The object was 
to connect the Michigan 
Central with the Great 
Western of Canada. The 
operations were “carried 
forward energetically from 
both shores, but the river 
broke through so many 
times that the projectors 
became discouraged and 
abandoned the work the 
next year” (Kirby and 
Laurson, Early Years of 
Modern Civil Engineering). 
The river was not success- 


——1 


— 74. —e IG y 1Gn’s V TUNNEL . 
Cricaco, 1874: a Section ALonc LaSatie Street, SHOwING CHESBROUGH’S VEHICULAR fully pierced at that point 


UNDER THE RIVER AND, AT A LOWER ELEVATION, THE WATER-SUPPLY TUNNEL 


practice” of the day in Europe considered feasible. To avoid 
trouble, he designed a system of flushing mains, but it was never 
built. Hand-cleaning and occasional flushing from hydrants ap- 
parently sufficed. Even with the flat slopes, the tops of the sewers 
were so close to the surface that the street grades throughout the 
city had to be raised an average of 18 in. 

The sewerage commissioners sent Chesbrough to Europe after 
the work was under way, to study practice there and work out im- 
provements in his system. His report was made in 1858, and al- 
most 30 years later it was still in demand “as a standard contribu- 
tion to which very little new information has been added by later 
writers.” 

Dumping the sewage into the river relieved the situation tem- 
porarily, but the city grew more rapidly than had been anticipated. 
In 1860, more than 300,000 cattle and hogs were killed and packed, 
and all the offal was passed into the sluggish stream. The com- 
missioners recommended the enlargement of the barge canal to 
reverse the flow of the river, but their suggestion ‘“‘was not deemed 
necessary." Five years later, however, it was adopted, and the 
enlargement was completed in 1871. (The present sanitary canal 
dates from 1900.) 

Meanwhile, the sewage poured into the lake, and ‘‘a short dis 
tance north of the mouth of the river the engines of the old water 
works were at work, pumping this foul liquid into the reservoirs, 
from whence it found its way to every family in the city.”” (Tun- 
nels and Water System of Chicago, J. P. Wing and Company, 1874.) 

Obviously, the intake must be extended further into the lake. 
Chesbrough, now city engineer, recommended a tunnel, and 
promptly met with opposition. Such a thing had never been at- 
tempted; it was a wild dream, a foolhardy scheme. Why not lay 
a pipe on the bed of the lake? Chesbrough stuck to his guns, and 
won out. Work began in 1863. 

The tunnel was two miles long, and ran mostly through blue 
clay. The lake crib was built on shore as a caisson, towed to place, 
and sunk with ballast. Excavation was carried on from both ends, 
and when the tunnel was holed through, in 1866, the lines met 
within an inch. 

“The width of the tunnel, when bricked up, was. . . 5 ft, and its 
clear height 5 ft 2 in.” (Wing, op. cit.). Two miners were all that 
could work at the face, and the brick masons followed them as fast 
as they advanced. From 14 to 20 ft was considered great progress 
for 24 hours. To provide ventilation, a large steam bellows was 
placed at the mouth of the shaft and connected with a perforated 
suction pipe that extended to near the working face. Mule cars 
were used to haul away the spoil and bring in the brick and mortar. 

So successful was this project that similar intake arrangements 
soon began to be adopted by other cities on the Great Lakes and 
along the larger rivers. A second tunnel, 10 ft in diameter, was 
begun at Chicago in 1872, and two years later a tunnel was driven 
under the city, to a point on the river near 22d Street, to insure 
an adequate water supply for the “‘remote districts.” 

About this time Chesbrough also constructed two vehicular 
tunnels under the river, at LaSalle and Washington streets. This 


until 1909. Chesbrough 
also, with Moses Lane, 
proposed in 1879 the system of sewerage for Boston that was 
constructed a short time later. 

His last professional engagement was on the New Croton Aque- 
duct at New York. Together with the chief engineer, he prepared 
the plans for the aqueduct, and in 1882 he was sent to France and 
Spain to gather data for use in the design of the Quaker Bridge 








CHESBROUGH’S TUNNEL AT LASALLE STREET, CHICAGO, 
OPENED TO THE PuBLIC ON JuLy 4, 1871 


Three Months Later [t Was Put to an Unexpected Use as a Retug' 
for Hundreds of Persons Fleeing the Great Fire 


renee’ 


Dam, which was to be “of unprecedented magnitude” (/¢ 
ing News, August 21, 1886). While abroad he contracted an illness 
from which he never fully recovered, and after presenting ''s ™ 
port in 1883 he retired. He died in Chicago, August 18, 15“ 
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rough’s contributions to the development of the three 
ngineering societies in the United States was unique. He 
irman of the group that organized the Boston Society of 
ngineers, and “should be given much of the credit for the 
n of the idea and for the successful carrying out of the plan 
n the American Society of Civil Engineers he served as 
t and became an honorary member; and in the Western 
of Civil Engineers he held the office of president for many 

(‘Professional Biographies of the Founder Members of 
ton Society of Civil Engineers,” by John B. Babcock, 3d, 
\. Am. Soc. C.E., in Journal, Boston Soc. C.E., July 1936.) 

ugh owing little to early teaching, he mastered, by close 
emitting study, the entire field of general literature, as well 

of his chosen profession” (Engineering News). For a 

of a century the recognized head of sanitary engineering 
country, he was nevertheless “extremely modest in the ex- 
n of his opinions . . . [and] careful to avoid any appearance 
f the assumption of superiority.” 

The writer of his Memoir adds (Proceedings, Vol. 15, 1889): 

Slow in forming an opinion and always endeavoring to ascertain 

practical as well as theoretical information which might 

bly aid in a correct conclusion, he was, while eminently courte- 
ind mild in manner, practically immovable from an engineer- 
position which he had finally taken.... His standard of pro- 
ional honor was extremely high.” 
The assistance of Charles W. Sherman, M. Am. Soc. C.E., in 


| 


supplying basic information for this biography is gratefully ac- 


all tl 


ng 


knowledged. } 





Board Enjoys Record Attendance 


FoR THE FIRST TIME in many years the Board of Direction, when 
: assembled in Pittsburgh in October, boasted a 100 per cent 
attendance. Every Director and Vice-President was on hand, also 
he two latest Past-Presidents, the Secretary, and the Treasurer of 
he Society. President Mead was in the chair; he has not missed 

eeting since he took office. 

Of the deterring factors, sickness has often played a major part. 
Unavoidable attendance on business matters, however, has been 
the major contributing cause. During the past few years engineers 

wld hardly forego the returns from outside engagements, and at- 
tendance was in many instances contributed at real sacrifice. 

On a number of occasions the roll call showed that a perfect 
ecord was almost within reach. It was therefore a real satisfac- 
tion to the entire Board when this goal was finally attained at 
Pittsburgh. 

rhis unusual event calls attention once more to the efficient and 
faithful service of 26 busy men. By their efforts the progress of 
the Society is measured. An idea of their deliberations at this 
neeting may be gained from the Secretary’s abstract of the min- 

tes elsewhere in this issue. 





Prizes and Medals for Papers in TRANSACTIONS 


On October 11, 1936, by action of the Board of Direction, 
medals and prizes were awarded for papers appearing in Vol. 100 
ff TRaANsAcTIONS. The papers for which these awards were given 
ind their authors are as follows: 

Vorman Medal—To Daniel W. Mead, President and Hon. M. 


\m. Soc. C.E., for his paper entitled ‘““‘Water-Power Development 
i the St. Lawrence River.”’ 

J. James R. Croes Medal—To Wilbur M. Wilson, M. Am. Soc. 
C.E., for his paper entitled ‘“‘Laboratory Tests of Multiple-Span 
Reinforced Concrete Arch Bridges.” 

Thomas Fitch Rowland Prise—To A. V. Karpov and R. L. Temp- 


in, Members Am. Soc. C.E., for their paper entitled ‘Model of 
Calderwood Arch Dam. 
‘ames Laurie Prize—To Paul Baumann, M. Am. Soc. C.E., for 
us paper entitled “Analysis of Sheet-Pile Bulkheads.”’ 
Collis vood Prize for Juniors—To Clinton Morse, now Assoc. 
M. Am. Soc. C.E., for his paper entitled ‘“‘Renewal of Miter-Gate 
Panama Canal.” 
ng its usual custom, the Society will make an official 
eset m of these prizes at the first morning session of the 
‘mnual Meeting, that is, on January 20, 1937. Brief biographical 
Ketcl { the prize winners will appear in a forthcoming issue of 
LIVI INEERING. 
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Society Badges for Christmas Gifts 


No, IT ts really not too early to begin thinking about Christmas 
For some of the most welcome gifts require a little advance plan- 
ning. This is true of Society badges, which must be ordered by 
December 1 if delivery is desired before Christmas. The inevi- 
table increase in orders at this time of the year makes the setting of 
this date necessary in order to avoid disappointing many who may 
be counting on a handsome blue-and-gold pin with which to sur- 
prise father, husband, or brother on Christmas morning. 

A Society badge makes an ideal gift, because it is distinctive, 
valuable, and personal. There is no member of the Society, or of 
its Student Chapters, who will not be pleased by it. And it is 
sometimes difficult to introduce a note of variety in one’s gifts to 
the men of the family. 

In ordering a Society badge for a Christmas gift, the recipient's 
grade in the Society must be taken into consideration. The badge 
for Honorary Members, Members, Associate Members, and Affili 
ates is a rich shade of blue enamel on soiid 14-carat gold, the gold 
showing in the lettering and as a border around the shield. This 
costs $5.00, including the cost of engraving with the member's 
name and grade in the Society. The pin for Juniors ($2.00), which 
is of 8-carat gold, is similar in shape and design but has a white 
border; and the pin for members of Student Chapters ($1.00), 
which is gold filled, likewise has a white border, but is maroon 
where the other pins are blue. The Junior and student pins are 
not engraved. Badges may also be had in the form of fobs or 
charms for watch chains, if desired. All pins have safety catches. 

Of course no member of the Society may possess more than one 
badge at a time. If the intended recipient of this gift has never 
before had a badge the order will not be questioned. However, if 
he has had one and it has been lost, the order should be accom- 
panied by a statement to that effect. All orders should be sent to 
Society Headquarters, 33 West 39th Street, New York, N.Y. 





Activities of Engineering Foundation 


PROGRESS on a number of projects during the third quarter of 
1936 is reported by the Engineering Foundation. Manuscript for 
the eighth book to be published by the Alloys of Iron Research has 
gone to the printer. This volume is entitled “Alloys of Iron and 
Carbon: Properties.’”” The research on pure iron electrodes for 
welding was terminated by expiration of the agreement with 
Lehigh University, and final reports are in progress of preparation. 
The welding research committee continued the work of its subcom- 
mittees on literature, on fundamental research, and on industrial 
research, and the last named reported progress in securing financial 
and other contributions from industries. At the University of 
Pittsburgh, work was completed on the study of creep and relaxa- 
tion of metals, and the final report is being written. 

Three new series of long-time tests on plastic flow of concrete 
were begun at the University of California, and the Foundation 
continued collecting information to assist it in determining the 
feasibility of the proposed fundamental research program in con- 
crete. 

Long-radius flow nozzles were studied in several laboratories, 
with a view to providing a more economical and convenient means 
for precise measurements of large quantities of liquids and gases, 
as in efficiency tests of steam and hydraulic power installations. 

In the matter of non-technical projects, the Foundation reports 
that the Engineers’ Council for Professional Development has 
completed collecting information for accrediting schools in the 
New England and Middle Atlantic states, and has begun similar 
work in other sections; and that the report of the Personnel Re- 
search Federation on ‘‘Forms of Employer-Employee Cooperation” 
is ready for publication. 

On October 8 the Foundation elected officers and made commit- 
tee appointments for the ensuing year. Frank Malcolm Farmer 
and D. Robert Yarna!'! were chosen as chairman and vice-chairman, 
respectively. Alfred D. Flinn, M. Am. Soc. C.E., continues as 
director and secretary. The executive committee includes Messrs. 
Farmer and Yarnall, Otis E. Hovey, M. Am. Soc. C.E., A. L. 
Queneau, and Walter I. Slichter. Thaddeus Merriman, M. Am. 
Soc. C.E., continues as the Society’s representative on the research 
procedure committee. 
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Preview of Proceedings 
By Harotp T. Larsen, Editor 
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A variety of interesting topics will be treated in the November issue 
of ‘‘Proceedings."’ Papers on the following subjects have been sched- 
uled for that number: Stresses around circular holes in triangular 
dams and buttresses; the construction and testing of hydraulic models 
at the Muskingum watershed project; the economic diameter of steel 
penstocks; and reclamation as an aid to industrial and agricultural 


halance. 


Stresses ARouND CrrRcULAR HOLES IN TRIANGULAR DAMS AND 
BUTTRESSES 


A brief but valuable mathematical paper, dealing with ‘Stresses 
Around Circular Holes in Dams and Buttresses” is being presented, 
in the November issue, by I. K. Silverman, Jun. Am. Soc. C.E. It 
applies especially to inspection galleries in gravity dams, or open 
spaces through buttresses in multiple arches, or the Ambursen type 
of dam rhe method is generalized by assuming that, although 
openings in dams or buttresses are not always circular, the inten- 
sity of stress around such openings may be analyzed by considering 
them circular. Other assumptions made by the author are that 
the material is homogeneous and elastic and that it follows Hooke’s 
law. With the constructive discussion, which is confidently ex- 
pected on this paper, there will be added a new and interesting con- 


tribution to the design of dams 


CONSTRUCTION AND TESTING OF HypDRAULIC MopELsS, MuSKINGUM 
WATERSHED PROJECT 


In recent years, technical journals have been replete with theo 
retical papers on models, including the theory of similitude and the 
reporting of test results observed from models. The apparently 
simple question of how to go about building models has been 
answered piecemeal in a number of hydraulic laboratory bulletins 
and in a number of technical papers, but generally speaking, there 
seems to be no readily available material that presents this impor- 
tant phase of the problem as a unified treatment. George E. 
Barnes, M. Am. Soc. C.E., and J. B. Jobes, Jun. Am. Soc. C.E., 
present a useful paper of this type entitled “Construction and 
Testing of Hydraulic Models, Muskingum Watershed Project.” 
It will be remembered that the Muskingum project was the subject 
of a special regional meeting at Zanesville, Ohio, on October 4, 
1935. The papers read at that meeting were published in Crvm 
ENGINEERING for January 1936. A very brief abstract of the 
present paper was published at that time 

The paper now to be presented for full discussion is complete and 
fully revised to meet the standards of a PROCEEDINGS paper. An 
engineer who suddenly has to construct hydraulic models should 
be able, by reference to this paper, to gain an intimate insight into 
the problem involved. For more experienced engineers, the paper 
will commend itself as a convenient check list. In this sense, it 
seems the duty of every qualified engineer to contribute from his 
experience whatever seems desirable for improvement 


Economic DIAMETER OF STEEL PENSTOCKS 


A set of curves for use in estimating the effect of load factor on 
the quantity of power absorbed in friction and other hydraulic 
losses in water conduits, such as penstocks and tunnels carrying 
water for hydroelectric power plants, is presented in the November 
issue under the title ““‘Economic Diameter of Steel Penstocks”’ by 
the late Charles Voetsch, M. Am. Soc. C.E., and Mr. M. H. Fresen, 
of the U. S. Bureau of Reclamation at Denver, Colo 

Unfortunately Mr. Voetsch died on February 7, 1935, several 
months before the paper was submitted to the Society for considera- 
tion. Discussion on this paper, therefore, will be answered by his 
co-author, Mr. Fresen. A memoir of Mr. Voetsch, written by 
J. L. Savage, M. Am. Soc. C.E., has been printed in the current 
Volume 101 of TRANSACTIONS, and reprints are now available for 
free distribution to a limited number of interested friends. 

The method of attack presented in the paper is the same as that 
used by previous writers, except that the present authors include 
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the effect of hydraulic losses other than friction, and they use the 
Scobey formula instead of some of the early formulas for friction 
losses. The authors also consider the annual load factor some- 
what along the lines followed by Creager and Justin. The equa- 
tions developed are general, and are intended to determine the 
economic size of a penstock with a uniform diameter, for a hydro- 
electric power plant. 


RECLAMATION AS AN AID TO INDUSTRIAL AND AGRICULTURAL 
BALANCE 


In January 1931 the Society authorized the creation of an 
Engineering-Economics and Finance Division to supply its mem- 
bers with an avenue of expression in a broader field of professional 
engineering. This step has served to encourage the civil engineer, 
to concentrate on this subject of engineering-economics, as wit 
nessed by an increasing number of papers appearing in the pub 
lications of the Society. 

A paper of timely as well as lasting interest will appear in the 
November issue of PROCEEDINGS under the title “Reclamation as 
an Aid to Industrial and Agricultural Balance,” by Ernest P 
Goodrich and Calvin V. Davies, Members, Am. Soc. C.E. This 
paper deals with the broad subject of technological unemployment, 
decentralization of industry, and a proper balance between industry 
and agriculture in a given state or region. The authors hav 
developed their subject in some detail presenting factual data fron 
the experience of two industrial organizations that have had 
experience in industrial cooperative projects. 





An INDUSTRIAL COOPERATIVE GARDEN PROJECT 


They have studied the problem from three viewpoin' 
the decentralization of industry; (2) the diversification © 


labor; and (3) the coordination of industry and agricultur This 
has the effect of dividing the paper into three rather well fined 
les of 


parts. Part 1 is devoted to a review of the basic princt 
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‘ the three factors, and in Part 2 the principles are applied 
to an actual problem, the Central Valley project in Cali- 
Finally, the potential benefits discussed in Part 2 are 

further illustrated in Part 3, by a more detailed analysis that 

jemoostrates the possibilities of coordination of industry and 
riculture with the Madera Irrigation District, in California, 
hich is one of the beneficiaries of the Central Valley project. 





Five Prominent Engineers Elected to 
Honorary Membership 


HoNORARY MEMBERSHIP, the highest award in the power of the 
Society to bestow, has just n conferred upon Alex Dow, George 
Herrick Duggan, Robert Hoffmann, Joseph Barlow Lippincott, 
and John Alexander Low Waddell. The election took place at 
the Pittsburgh meeting of the Board of Direction. 

The Constitution of the Society prescribes that Honorary 
Members shall be chosen from among “persons of acknowledged 


eminence in some branch of engineering or the sciences related 
thereto." Not more than five may be named in any one year, 
and at no time may there be more than one Honorary Member 


for every three hundred Corporate Members. The present addi- 
tions bring the list of living Honorary Members to twenty-four. 

Alex Dow has been president of the Detroit Edison Company 
since 1912, and is well known for various innovations in the field 
of power generation and distribution. He has been a member of 
the Society since 1906 and is a former president of the American 
Society of Mechanical Engineers. Mr. Duggan is president of 
the Dominion Bridge Company, Montreal, vice-president of the 
Roval Bank of Canada, and a director of several important in- 
dustrial and financial corporations. He has been a member of the 
Society since 1905 and is the oldest living past-president of the 
Engineering Institute of Canada. Mr. Hoffmann entered the So- 
ciety in 1901 and was a Director in 1932. He has been in the 
service of the city of Cleveland for 43 years, for more than half of 
that time in the capacity of chief engineer. His present designa- 
tion is consulting engineer on public works. Mr. Lippincott, a con- 
sulting engineer in Los Angeles, has had a prominent part in the de- 
velopment of many of the outstanding flood-control, irrigation, and 
water-supply projects of the West, particularly in California. He 
has been a member of the Society since 1899. Dr. Waddell, of the 
firm of Waddell and Hardesty, has built bridges on four continents 
and is internationally recognized as one of the outstanding engi- 
neers in his field. He became a full member of the Society 55 years 
ago 

More complete accounts of these noted engineers will appear in 
i later issue. The actual award of the certificates of honorary 
membership will be an important feature of the opening session of 
the 1937 Annual Meeting in New York. 





Appointments of Society Representatives 


Dante. W. Mean, President Am. Soc. C.E., will serve as one of the 
Society's representatives on the John Fritz Medal Board of 
Award for the fozr-year term, October 1936 to October 1940 


THappeus Merrman, M. Am. Soc. C.E., and Joun R. Bay is, 
Assoc. M. Am. Soc. C.E., have been reappointed Society repre- 
sentatives on the Sectional Committee on Portland Cement of 
the American Society for Testing Materials. 


ALBERT F. RercHmMaNnN, M. Am. Soc. C.E., has accepted an ap- 
pointment as one of the Society’s representatives on the Wash- 
ington Award Commission. 


ARTHUR N. Tarot, Past-President Am. Soc. C.E., has been ap- 
pointed a Society representative on the Sectional Committee on 
Portland Cement of the American Society for Testing Materials 
to ill (he vacancy caused by the death of A. E. Puttirps, M. Am. 


ox 
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News of Local Sections 





DAYTON SECTION 


The Dayton Section’s first meeting of the season took the form 
of a luncheon, given at the Engineers’ Club on September 28. 
There were 18 members and 13 guests present. After a brief busi- 
ness discussion J. S. Cutler, regional conservator for the district, 
was introduced. Mr. Cutler gave a talk on the subject of soil con- 
servation, informing his audience of the causes and cures of soil 
erosion and explaining the steps being taken by the U. S. Soil Con- 
servation Service to cope with the problem of erosion. 


GeEorGIA SECTION 


A luncheon meeting of the Georgia Section was held in Atlanta 
on September 14. A motion was passed, congratulating E. D. 
Rivers on his election as governor and promising him cooperation 
in matters pertaining to public works and state planning. Then 
the speaker of the occasion, O. H. Stablei, was heard. Mr. Stablei 
discussed the subject of forestry work in the Atlanta region, com- 
menting on the decentralized organization of this work and de- 
scribing the handling of fire prevention. 


MILWAUKEE SECTION 


On May 6 a joint meeting of the Milwaukee Section and the 
local branch of the American Institute of Electrical Engineers was 
held on the campus of Marquette University. Sixteen members of 
the Section were present at the meeting, which was preceded by a 
dinner at the LaSalle Hotel for a number of the officers of both 
groups. The feature of the evening was a talk by William Mon- 
roe White, manager and chief engineer of the hydraulic department 
of the Allis-Chalmers Manufacturing Company, whose topic was 
Boulder Dam. The address was illustrated by lantern slides, show- 
ing the entire construction operations. 


San Dreco SECTION 


There were 15 present at the September meeting of the San 
Diego Section. The first number on the program was a lecture by 
Dean Blake, meteoroiogist of the San Diego station of the U. S 
Weather Bureau, who explained by means of charts the causes of 
San Diego’s mild climate. Next three reels of motion pictures were 
enjoyed through the courtesy of the Chevrolet Motor Company. 
These pictures showed how the cooling system of an automobile is 
designed and described the development of the hydraulic brake. 


Soutu CAROLINA SECTION 


The annual summer meeting of the South Carolina Section took 
place at the Ocean Forest Hotel at Myrtle Beach, S. C., on July 10 
This meeting, which was held in conjunction with a meeting of the 
South Carolina Society of Engineers, attracted an attendance of 18. 
The feature of the occasion was a general discussion on the future 
activities of the Section. 


TACOMA SECTION 


There were 19 present at a dinner meeting of the Tacoma Sec- 
tion, which took place in the Tacoma Hotel on September 14. 
During the business session J. P. Hart, president of the Section, 
reviewed the summer’s activities, and W. A. Kunigk discussed his 
trip to the Annual Convention in Portland. E. L. Warner, chair- 
man of the program committee, then introduced the speaker of the 
evening, H. F. Faulkner, of the Seattle city engineer’s office, who 
described the present status of the Grand Coulee Dam project. 
This was followed by a talk by Walter Ryan, who gave a brief 
résumé of a recent visit to the project, and a round-table discussion 
was the concluding feature. 


TENNESSEE VALLEY SECTION 


At the fall meeting of the Tennessee Valley Section the following 
officers were elected for the coming year: E. D. Burchard, presi- 
dent; R. L. Maynard, vice-president, Asheville area; Henry 
Fruend, vice-president, Knoxville area; Gerald R. Kavanagh, 
vice-president, Chattanooga area; and Robert Olds, vice-president, 
Muscle Shoals area. Hal H. Hale was reelected secretary-treasurer 
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ITEMS OF INTEREST 


Engineering Events in Brief 








Civit ENGINEERING 
for December 


AMONG the articles scheduled for the 
December issue is one by E. A. Kemmler, 
M. Am. Soc. C.E., former director of pub- 
lic service of the city of Akron, Ohio, on pub- 
licizing municipal services. Mr. Kemm- 
ler’s paper has as its background the 93 
monographs prepared by the Akron public 
service department and distributed each 
week not only to the local chamber of 
commerce, to schools and libraries, and to 
individuals, but also to newswriters for 
local newspapers and engineering peri- 
odicals. In this way public support was 
enlisted for many worth-while engineering 
projects. Incidentally, the important ac- 
tivities of engineers in public service were 
brought before the citizens thereby. 

The matter of the sufficiency of stream 
flow to justify the St. Lawrence power de- 
velopment project as now contemplated is 
opened to question anew in a paper by 
Theron M. Ripley, M. Am. Soc. C.E., 
consulting engineer of Buffalo, N.Y. Mr 
Ripley’s study leads him to the conclusion 
that the present slow but continuous fall of 
the Lake Ontario and St. Lawrence River 
water levels, coupled with similar recorded 
trends in the past, limits the useful life of 
the project to not more than 50 years. 

If space permits, there will be included 
in the December number a second paper on 
the life and works of Thomas Telford, 
pioneer in bridge, canal, and road construc- 
tion, by J. F. Baker, Assoc. M. Am. Soc 
C.E., professor of civil engineering at the 
University of Bristol, England, and John 
Armitage. This paper is concerned prin 
cipally with construction of the Cale- 
donian Canal in Scotland and the Gotha 
Canal in Sweden, representing two of Tel- 
ford’s largest and most important engi- 
neering works 





Wise and Otherwise 


Amonc Professor Abercrombie’s ac- 
quaintances there are two who do not al- 
ways tell the truth. A lawyer friend of the 
Professor wished to use them as his wit- 
nesses in a pending case, but was uncer- 
tain whether under the circumstances such 
use would be wise. By reputation, one 
man spoke the truth 3 out of 4 times, the 
other 3 out of 5. In his dilemma, the 
lawyer consulted Professor Abercrombie, 
whose advice in such matters he valued 
very highly. The Professor at first ex- 
pressed himself as against the plan. In the 
course of the conversation, however, it de- 
veloped that the critical question to be 
answered was not whether the witnesses 
would (merely) tell the truth, but whether 
they would return the same answer to a 
question which could only be answered 
“yes” or “no.”” Under these conditions, 


the Professor favored their employment. 
What was the mathematical reason why 
he reversed his earlier opinion? 

October’s problem involved the proper 
number of sheep required to eat all of the 
grass initially in a 6-acre pasture together 
with all that should grow there within a 
period of 6 weeks. The relevant facts 
were (1) 3 sheep will eat in 2 weeks all the 
grass initially on 2 acres of land and all the 
grass which grows there in that time, and 
(2) 2 sheep will eat in 4 weeks all the grass 
initially on 2 acres of land and all the grass 
which grows there in that time. 

In solving this problem, it is understood, 




















LL 


of course, that the quantity of grass op 
each acre is the same when the sheep begin 
to graze and also that the rate of growth is 
uniform. From the relations given it can 
readily be determined that when the gray- 
ing starts there is 4 weeks’ growth on each 
acre, and that each sheep eats each week 
the grass which grows on 2 acres during 
that week. Tffe solution can then be com- 
pleted easily, the answer being 5 sheep. 

Suggestions for other problems for Pro. 
fessor Abercrombie’s column, accompanied 
by solutions, may be addressed to the edi. 
tor. Solutions should preferably be sent 
in separate enclosed envelopes. 





Glass Pipe Carried Water to Union College in 1840's 
By Russert A. Har 


MeMBER AMERICAN Society or Crvit ENGINEERS 
Associate Proressor or Civit ENGINEERING, UN1ON Cottece, Scuenecrapy, N.Y. 


WHILE REGRADING a garden on the 
Union College campus at Schenectady, 
N.Y., in the summer of 1934, workmen 
uncovered a short length of glass tubing 
encased in mortar. The piece undoubt- 
edly had once been part of an underground 
conduit. In the fall of 1935, while digging 





Specmmens or GLass AND CLAY-TILE 
WaTER ConpuriT UNCOVERED ON UNION 
Cottece Campus, SCHENECTADY, N.Y. 


a trench on another part of the campus, 
the workmen encountered another conduit 
made of burned clay tile encased in mor- 
tar. Both are shown in the accompanying 
illustration. 

It has been impossible to determine 
accurately the historical origin and use of 
these conduits, but in the historical notes 
appended to the annual reports of the 
Bureau of Water of the City of Schenec- 
tady, the following has been reprinted for 
years without its exact origin being known: 

“In the early 40’s Union College had a 
private water system: A hydraulic ram, 
fed by a spring located somewhere above 
Nott Terrace and north of Vale Cemetery, 
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forced water through a glass pipe to the 
College. This glass pipe was about one 
inch in diameter and covered with a ce- 
ment or mortar jacket about two inches 
thick.” 

The statement is probably correct 
The college buildings adjacent to the 
location of the pipe were built about 18/4 
on an elevation above the city of Schenex 
tady, and in the 1840’s were a consider 
able distance outside the built-up section 
The city itself had no water works until 
1872. A pipe line about two thousand 
feet long, on approximately a level grade, 
would have been required to bring the 
water from the vicinity of Vale Cemetery 
to the Union College campus. 

Evidently the glass pipe was the supply 
main and the clay tile were the distribut 
ing conduits built by Union’s ingenious 
and ambitious president, Dr. Eliphalet 
Nott, to supply the needs of the faculty 
and student occupants of the early college 
dormitories. The length of the indi- 
vidual pieces of glass tubing is unknown, 
but the specimen found included a joint 
The tubing was drawn thick at one end 
with a slight internal taper, and the other 
end was drawn thin and tapered to fit 
inside it. Plaster of paris was used be 
tween the two tapered surfaces to form a 
seal. The tubing was encased in 4 
cylindrical shell of lime or cement mortar 
from an inch to an inch and a half thick 
which in its present state is very friable 
The individual clay tile were about a foot 
long, with a cylindrical tongue about an 
inch in length projecting from one end and 
a cylindrical socket formed to receive the 
tongue in the opposite end. The jomts 
were sealed with plaster and the pipe 
encased in a mortar cylinder afterward 
It would be interesting to learn wh ther 
this type of construction was used els¢ 
where in early water-works pract 
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A Model of a Rapid Sand Filter Plant 


By Ranatp V. Gites 


Associate Mgemper American Society or Cirvit ENGINEERS 
ASSISTANT Prorgssor tn Civit. ENGINEERING, DrExeL 
INSTITUTE OF TECHNOLOGY, PHILADELPHIA, Pa. 


4 KING model of a rapid sand filter 
ilt last year at the Drexel Insti- 
Technology, has proved to be a 
aid in teaching the fundamentals 

plant design. The apparatus 
mixing chambers, a coagulation 
nd a filter unit with a rated 

y of 2 gal per min. The cost of 
; did not exceed $35, and the 
re fabricated and assembled in 

of the Institute under the direc- 


ot the writer. 

Water enters the mixing chambers 
shown at the right of the photograph 
below) through a '/,-in. pressure pipe. 


first chamber artifical turbidity 
and color may be applied to simulate a 
raw water, and in the second chamber a 
agulant may be added. The treated 
water travels thence through the remain- 
ng mixing chambers and a baffled coagu- 
ation basin to the filter. A perforated 
pipe underdrain system collects the water 
ind conveys it to the point of sampling 
ind to the discharge pipe line. Back- 
washing the filter is accomplished by 
ing tap water through a 1'/,-in. line. 
Regulation of all rates of flow can be 
made from one point by means of gate 
valves, and therefore no float valves have 
een installed to control flow or water 
evels. A sampling tap and a gage to 
measure loss of head are located on the 
filter effluent line close to the wall of the 
init. The entire model is mounted on 
two tables in the sanitary engineering 
laboratory and occupies a space 6 ft long 
by 2'/, ft wide. 
The tank which provides for mixing and 
oagulation is 48 by 30 in. in plan by 12 in. 
deep. It consists of 10-gage steel plates 


welded together with a '/;-in. angle 
welded around the top for stiffness. 
Baffles and partitions are of 22-gage 


galvanized iron. The mixing chambers 
as now arranged serve to illustrate ‘‘over- 
and-under” and “‘around-the-end” meth- 
ods of mixing. Later, one or more alter- 
nate designs, including mechanical mixers, 
will be substituted. 

The arrangement of baffles in the 
coagulation basin can be varied for ex- 
perimental purposes by the student. With 
the set-up as illustrated, the retention 
period is about thirty minutes and the 
maximum length of travel is approximately 
12 ft. 

The filter unit consists of the filter 
proper and a channel box, 8'/, by 4 by 
14'/,; in. high, which performs double 
duty in carrying treated water to the 
filter and wash water to the drain. The 
filter, 9 by 16 in. in plan and 18 in. deep, 
provides 1 sq ft of sand area. The back 
and bottom are of 20-gage galvanized 
iron soldered to the */,-in. angle frame, 
the edges of the bottom plate being bent 
to form a shallow box. The sides and 
front consist of '/,-in. plate glass held in 
place at the top by small angles and at 
the bottom by the recess between the 
angle frame and the box-shaped bottom 
plate. Aquarium cement made the as- 
sembly watertight. 

The filter influent is distributed on to 
the bed by means of two wash-water 
gutters 4'/; in. on centers, whose eleva- 
tion and slope can be adjusted at the front 
end by means of threaded brass bolts. 

Copper tubing is used for the under- 
drains. The main collector, running from 
front to back, is 1 in. in diameter. Sixteen 
pairs of laterals, '/,in. in diameter and 
1 in. on centers, are soldered to it. Each 
lateral contains 10 perforations on the 
under side. 

The present filter bed consists of 5'/; 
in. of gravel in graded sizes and 6 in. of 





A Raprmp SAND FILTER PLANT IN MINIATURE 


rking Model Used in Teaching Filter Plant Design at Drexel Institute 
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filter sand. Five valves provide complete 
flexibility of operation. One controls the 
inflow to the mixing chambers; two regu- 
late the inflow and outflow of wash water; 
and two others, the filter influent and 
effluent. As filtration proceeds, the upper 
layers of sand become distinctly darker 
than the lower layers. 

In demonstrating the apparatus, arti- 








THE FILTER IN OPERATION 
A Sand Area of 1 Sq Ft Is Provided 


ficial turbidity has been obtained with 
kaolin or Fuller’s earth, a small amount 
of highly turbid water being introduced 
into the tap water continuously at the 
entrance to the mixing chambers. Ferrous 
sulfate and lime produce a heavy floc 
that forms rapidly. The settling in the 
coagulation basin is readily observed, and 
the influent to the filter contains a satis- 
factory amount of floc. 

The model provides an opportunity for 
a wide variety of demonstrations and 
experiments. The student can test the 
quality of water entering the basin (raw 
water), the filter influent (treated water), 
and the effluent. He can observe the depth 
of penetration of the material filtered out 
of the water, and the loss of head through 
the filter, and can determine rates of flow 
by volumetric measurement. He can 
wash the filter bed, noting the cleansing 
action, the expansion of the sand, and the 
time required. 

In addition to these routine matters, 
taste and odor control can be illustrated 
by introducing activated carbon in the 
coagulation basin or on the filter bed or 
both. The filter medium can also be 
varied, and the results with different 
materials compared. Future plans include 
illustrating, in the coagulation basin, the 
purpose and use of a flocculator. 

It is the writer’s conviction that the 
model will continue to prove a satisfactory 
means of clarifying graphically numerous 
problems of design, treatment, and opera- 
tion. 








——— 
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Why the Engineer? 


Abstracted from an Address Before the World Power Conference on 
September 7, 1936, at Washington, D.C. 
By Dr. WitttaM F. Duranp 


LeLtaNnp STanrorp University, CALIFORNIA; CHAIRMAN, TH1RD Wortp Power Con- 
FERENCE; FoRMER PRESIDENT, AMERICAN Socrety oF MECHANICAL ENGINEERS 


A SOMEWHAT trifling answer might be 
found in the reply, because the world has 
always had the engineer and cannot get 
along without him. Regarding the first 
statement, I like to look upon the engineer 
as, indeed, the oldest representative of the 
so-called professions—as one of those 
groups or guilds, the members of which 
play some specialized part in the advance- 
ment of our civilization. 

In this sense there has come about, as 
we know, such a specialized group. Even 
if we go back to prehistoric times, we find 
that there have been, in this sense, engi- 
neers since the days of the paleolithic age 
when man first found a way to fashion flint 
chips into tips for his arrows and spears; 
or learned how to utilize the potential 
energy of a distorted elastic system—a 
strung bow. 

Again there have been bridge engineers 
since the time when some one found a way 
by fire or flint axe to fell a tree across a 
stream; or to utilize a wild grape vine to 
carry his weight from one shore to the 
other—-the far-away prototype of the noble 
suspension bridges of modern times. And, 
if we go back to the great prototype of the 
engineer, we have Prometheus, who in 
Greek myth first learned how to bring 
down fire from heaven and subdue it to 
the service of man. 

Enough on this phase. If, now, we turn 
to the second phase, that the world can- 
not get along without the engineer, the 
truth of this is perhaps obvious. At least, 
the world will not be willing to forego those 
things which the scientist and the engineer 
have jointly provided, in the advancement 
of what we call our civilization. 

If, then, we as a group or guild must 
carry on, we come at once to the heart of 
our present inquiry. What is the engi- 
neer's part in the cooperative enterprise 
which we call civilization? 

The engineer has been defined as one 
who is concerned with the utilization of 
materials and the energies of nature in the 
service of man. In the preamble to the 
constitution of American Engineering 
Council, engineering is defined as “the 
science of controlling the forces and of 
utilizing the materials of nature for the 
benefit of man, and the art of organizing 
and directing human activities in connec- 
tion therewith.” 

Thus, obviously, we are specially con- 
cerned with the constructive materials of 
nature and again with the inorganic ener- 
gies. On the other hand, we are also con- 
cerned with the human agencies through 
which our ends are to be attained. 

For our purposes in this brief statement, 
I should like to make some reference to 
three phases or aspects under which this 
broad subject might be considered: 

1. The terminal products of the activ- 
ity of the engineer. 


2. The raw materials from which such 
products are formed. 

3. The social and broad humanistic 
problems which have resulted, at least in 
large measure, from the work of the engi- 
neer. 

Regarding the first of these, I shall say 
only a word. If we consider a period of 
only 200 years, say from the time of Watt, 
we have a world made over, at least as to 
the material content of our civilization. 
My only point in recalling this phase of 
the work of the engineer is to emphasize 
its magnitude and the extent to which it 
has changed the conditions of life: social, 
economic, and politic. 

Regarding the second of these, having 
to do with the raw materials comprising 
primarily constructive materials and en- 
ergy, by some combination of which this 
transformation has been brought about, 
some more extended word may be appro- 
priate. We must view the constructive 
materialsas a bank deposit, not one drawing 
interest, but one out of which we are grad- 
ually and surely exhausting the principal. 
Only in part can our more important struc- 
tural materials, e. g., the ferrous com- 
pounds, be used over and over. We cannot 
completely capture the products of disinte- 
gration and reconstitute them into useful 
products. Neither is nature, so far as we 
can determine, now engaged in the en- 
largement of her initial deposits. The re- 
sult is a gradual but continuous loss of 
our principal; and to that process there 
is but one end—aultimate exhaustion. 

The same is true with our carbon and 
hydrocarbon deposits used as a source of 
heat. We are gradually but surely ex- 
hausting our coal deposits, and our pro- 
vision of petroleum and natural gas. 

Falling water—that is, water caught up 
by the sun’s heat into the upper air, car- 
ried over the high places of the earth, pre- 
cipitated and caught and allowed to flow 
through our power-producing mecha- 
nisms—is the only source which partakes of 
the character of an annual dividend. Pre- 
sumably as long as the sun radiates heat as 
at present, so long may we count on this 
seasonal or annual dividend. Only in the 
case of falling water, among the sources of 
present practical importance, do we seem 
to reach out to sources which lie outside 
the earth itself. 

While all this is well enough known, the 
question may at least be asked whether 
we, as engineers, have given the facts the 
weight which their significance deserves. 
We, in a sense, have appointed ourselves 
as custodians of these deposits. We can- 
not evade the responsibility for their wise 
and effective use. Have we in the past and 
are we now living up to the full measure of 
this responsibility? We can hardly, I 
think, answer in the affirmative. 

However, two things may be said in at- 
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tempted extenuation of our fault. Firs, 
for some of these deposits, the quan ity is 
so large that there is no occasion for worry, 
and in any event, new or substitute 
sources may be found long before such g 
condition begins to make itself felt. 

But the use of heat in the development 
of useful work is a one-way street. [p 
order to transform a part of the heat into 
useful work, we must let down another and 
larger part from a high level to a low: and 
once at the low level there is no way of 
restoration. 

Much the same is true with the usefy! 
structural materials. Their utilization jp. 
volves, at least to some extent, progress 
along a one-way street, marked by the ip- 
evitable loss of some part of that which we 
wish to preserve and use. 

Again as an excuse, it may be urged that 
the economic and wise use of the materials 
and agencies of nature is only in part the re- 
sponsibility of the engineer. This is per- 
haps true, but we, as engineers, can 
scarcely find here an adequate alibi for 
failure to share in all efforts directed 
towards the development of a forward. 
looking policy governing the use of 
nature’s gifts. 

And who is there outside our own guild 
likely to understand the significance of 
waste in the use of the gifts of nature? 
We cannot escape the fact that we are re- 
sponsible for the wise and economic use of 
those gifts of nature in the utilization of 
which we are now engaged. We must take 
our part in arousing society and our due 
share in the work of framing, enacting, 
and enforcing salutary laws and regula- 
tions looking to the ends which I have in- 
dicated. 

May we now turn to a consideration of 
the social, economic, and political prob- 
lems which have been an outgrowth of the 
work of the engineer? 

We have already seen that through the 
cooperative work of the scientist and the 
engineer, the world has, in a material 
sense, been made over. Compare the ma- 
terial content of our civilization of the time 
just preceding James Watt, 200-odd years 
ago, with the present; or again, that of the 
period just following the Civil War with 
that of the present time. Have we made 
parallel progress in thc adaptation of our- 
selves, especially our nervous and emo- 
tional systems, to these new external con- 
ditions? We may indeed ask if we have 
grown in wisdom commensurately. 

It would be a brave man, I believe, who 
would be prepared to assert and defend the 
affirmative. If we mean by wisdom 4 
sense of values, an appreciation of the dis- 
tinction between the abiding and the tran- 
sient, a capacity for effective judgment 
based on accurate analysis of our prob- 
lems—then we can hardly say that we are 
wiser than our fathers or even wiser than 
those of centuries long gone by. We have 
enormously more information, but that 's 
a different thing. The displacement of 
human operatives by mechanical agencies, 
the tendency towards the concentration of 
populations in large centers, the problems 
of capital and labor, the new conditions 
and agencies of warfare—these are only 
examples. 

Now what is our duty as engineers with 
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reg 1d to these problems? We cannot 
. the responsibility to take our due 
».-e, even the lead, in the study of the 
lems which our own activities have in 
ve measure developed. 
iat I am urging is a quickened sense 
engineer, of his responsibilities, not 
in a purely professional sense, but as 
zen of the world; a responsibility in 
the fulfillment of which he will take part in 
the earnest study of social, economic, and 
political problems, to the end that we may 


attain a better balance between the ma- 
terial content of our present-day civiliza- 
tion and the uses which we are making 


of if 





Brief Notes from Here 


and There 


[HE SECOND international congress of 
the International Association for Testing 
Materials will be held in London, England, 
April 19-24, 1937. Its object is to obtain 
international cooperation in the study of 
materials, and to provide facilities for the 
exchange of views on all matters related to 
the subject. Approximately 150 papers 
have already been promised, and brief ab- 
stracts of them will be published in a vol- 
ume to be issued in advance of the meet- 
ing. Participation in the congress is open 
to all interested persons, and detailed in- 
formation on fees, program, excursions, 
and so forth can be obtained from K. 
Headlam Morley, honorary secretary, at 
28, Victoria Street, London, S. W. 1. 


A VALUABLE collection of hydrological 
data on the Rio Grande and its tributaries 
is presented in Water Bulletin No. 5 of the 
International Boundary Commission, 
United States and Mexico, El Paso, Tex. 
Stream-flow records of 41 stations for the 
year 1935, and hitherto unpublished rec- 
ords of 11 stations for the period 1924— 
1935 are included. Much of this in- 
formation is also presented graphically by 
means of hydrographs, mass curves, and 
duration curves. Detailed chemical and 
bacteriological analyses of the water, and 
a map showing lines of equal average an- 
nual evaporation from free water surfaces, 
are other important features. 


A serres of five booklets on ‘‘Sports- 
manlike Driving” is being prepared by the 
American Automobile Association. The 
first two, entitled “‘The Driver” and 

Driver and Pedestrian Responsibilities” 
have recently come from the press. The 
former discusses the physical and psycho- 
logical attributes that determine a per- 
son's driving ability, such as eyesight, gen- 
eral health, and reaction time, and pre- 


sents an interesting ‘‘personal rating proj- 
ect’”’ that should help every driver to find 
his weaknesses and increase his skill. The 
latter takes up such subjects as “‘obliga- 
tions of the driver” and ‘‘safeguarding the 
pedestrian.’’ These pamphlets should be 
of especial value for class use, in high 
schools and elsewhere. Burton W. Marsh, 
M. Am. Soc. C.E., and Peter J. Stupka, 
Assoc. M. Am. Soc. C.E., had an impor- 
tant part in their preparation. 





NEWS OF ENGINEERS 


Personal Items About Society Members 





DEAN F. PETERSON, JR., is now junior 
road engineer for the Shoshone Indian 
reservation at Fort Washakie, Wyo. Mr. 
Peterson was formerly a junior engineer, 
WPA for Utah, at Provo, Utah. 


Car_ G. W. SWANSON was recently ap- 
pointed a resident engineer inspector for 
the Resettlement Administration. Pre- 
viously he was assistant professor of con- 
crete design at Virginia Polytechnic In- 
stitute. 


S. F. Crecevivus, who, as project engineer 
for the International Boundary Commis- 
sion, has been making surveys and investi- 
gations preliminary to the canalization of 
the Rio Grande, is now with the U. S. 
Bureau of Reclamation in charge of con- 
struction of Caballo Dam on the Rio 
Grande. 


Bruce GentrRY, formerly chief engineer 
for the W. E. Callahan Construction Com- 
pany and Gunther and Shirley on the All- 
American Canal at Yuma, Ariz., is now 
construction engineer for the Hardwick 
Company, Inc., at Eagle Pass, Tex. 


Wriiiram M. SPANN has resigned as 
state director of the Public Works Ad- 
ministration in Missouri to devote his 
time to private engineering practice in 
Kansas City. 


BENJAMIN F. WILLIAMS was recently 
appointed project engineer in the Texas 
Public Works Administration and = as- 
signed to the Willacy County Water Con- 
trol and Improvement District No. 1 at 
Raymondville, Tex. Previously he was 
engineer inspector for the same organiza- 
tion at Brownsville, Tex. 


Tuomas E. WILLIER, special assignment 
engineer for the Missouri State Highway 
Commission, has been awarded a Harvard 
University fellowship for the study of 
street and highway traffic control and 
safety. He will be in Cambridge, Mass., 
for the coming year. 


Grorce D. MAacNavucHuTon has re- 
signed from the New Jersey State Highway 
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Department to become civil engineer for 
the Hill Dredging Corporation, of Ventnor, 
N.J. 


Tuomas K. A. HeNDRICK is now with 
the New York City Board of Water Sup- 


ply. 


ARTHUR J. Trapp, formerly project 
analyst for the Resettlement Administra- 
tion in Washington, D.C., is now regional 
engineer inspector for Region II of the 
Resettlement Administration. His pres- 
ent headquarters are in Milwaukee, Wis 


LAWRENCE H. Hunt, formerly with the 
Inland Steel Company, of East Chicago, 
Ind., is now office engineer in the Chicago 
district office of the Portland Cement 
Association. 


RicHARD T. LARSEN has been trans- 
ferred from the Denver office of the U. S. 
Bureau of Reclamation, where he was as- 
sistant engineer, to the Salt River Project 
at Phoenix, Ariz. He is now associate 
engineer. 


Tuomas U. Taytor, dean of the college 
of engineering of the University of Texas, 
was recently retired with the rank of 
dean emeritus. 


DonaLp G. GENTRY is now employed 
as an assistant engineering aide in the de- 
sign offices of the U. S. Engineer Office at 
Mineral Wells, Tex. Formerly he was 
junior engineering aide on the U. S. Forest 
Service’s plains shelterbelt project at 
Wichita Falls, Tex. 


Ray A. CAMPBELL has left the Swenson 
Lumber Company, of Laramie, Wyo., 
where he was engineer, to enter the em- 
ploy of the Peter Kewitt Sons Construc- 
tion Company, in Omaha, Nebr. 


HAROLD S. CARTER, previously head of 
the civil engineering department of South 
Dakota State College, is now professor of 
civil engineering at the Utah State Agri- 
cultural College, Logan, Utah. 


CLARENCE A. WALKwI7z has been trans- 
ferred from the U. S. War Department at 
Fort Riley, Kans., where he was superin- 
tendent of construction, to the U. S. 
Veterans Administration at Veterans 
Facility, St. Cloud, Minn., in a similar 
capacity. 


E. L. CHANDLER, formerly chief engi- 
neer of the Chattanooga Flood Protection 
District at Chattanooga, Tenn., is now 
principal civil engineer for the Tennes- 
see Valley Authority, with headquarters 
at Knoxville, Tenn. 


Joun F. Bruce is now a draftsman in 
the U. S. Engineer Office at St. Joseph, 
La. He was previously junior project 
engineer for the Department of Roads and 
Irrigation, Lincoln, Nebr. 
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Joun W. Comer has become an instruc- 
tor in civil engineering at the Oklahoma 
Agricultural and Mechanical College, 
Stillwater, Okla. 


T. G. Croom recently accepted a posi- 
tion as engineer with the Bureau of Sani- 
tary Engineering of the Indiana State 
Board of Health. Formerly he was sani- 
tation consultant for the U. S. Public 
Health Service, in Chicago, Ill Mr. 
Croom’s new headquarters are in Indian- 
apolis. 


R. M. La Fouvetrte, previously with 
the Currie Engineering Company, of 
Webster City, Iowa, has entered the em- 
ploy of Charles A. Haskins, consulting 
engineer of Kansas City, Mo. 


Frep J. Benson has left the civil engi- 
neering department of the Agricultural 
and Mechanical College of Texas to be- 
come an instructor in testing materials at 
Purdue University. 


Artuur H. HERBERGER is now junior 
sanitary engineer for the Bureau of Marine 
Fisheries of the New York State Conser- 
vation Department, with headquarters at 
Freeport, L.I. He was formerly an as- 
sistant instructor at New York University. 


Isaac S. WALKER, consulting engineer 
of Philadelphia, Pa., was recently engaged 
by the National Resources Committee as 
associate water consultant for District 
No. 2 for the purpose of making a study of 
the Delaware River drainage basin with 
a view to coordination of interests on 
power, navigation, irrigation, recreation, 
flood control, and water supply. 


Henry P. Evans, JRr., has resigned from 
the U. S. Bureau of Reclamation in Den- 
ver, where he was in the outlet-works de- 
sign section, to accept an appointment as 
an associate in the civil engineering de- 
partment at the University of Illinois. 


Cart F. MEYER, assistant professor of 
civil engineering at Worcester Polytechnic 
Institute, is serving as exchange professor 
of engineering at the University of Hawaii 
in Honolulu during the present school year. 


Pau. N. IvANcIcH was recently placed 
in command of CCC Camp §.P.-41-T at 
Sweetwater, Tex. 


Harry McGraw has resigned as divi- 
sion engineer of the West Virginia State 
Road Commission in order to become a 
partner in the contracting firm of W. H. 
Armstrong, of Washington, D.C. 


S. S. Srernperc, head of the depart- 
ment and professor of civil engineering at 
the University of Maryland, has been 
appointed acting dean of the college of 
engineering 


Guien E. Epcerton, lieutenant-colonel, 
Corps of Engineers, U. S. Army, has been 
appointed engineer of maintenance for the 
Panama Canal Zone. 


E. H. Dunmrre has left the consulting 
engineering firm of Black and Veatch, of 
Kansas City, Mo., where he was employed 


for the past 16 years, to become engineer- 
manager of the North Loup Public Power 
and Irrigation District at Ord, Nebr. 


Harry R. HALt, chief engineer of the 
Washington Suburban Sanitary Commis- 
sion, has been appointed lecturer on mu- 
nicipal sanitation at the University of 
Maryland. 


Epwin C. FRANZEN, assistant engineer, 
U. S. Engineer Corps, was recently trans- 
ferred from Rock Island, Ill., to Washing- 
ton, D.C., where he is in the office of the 
chief of engineers. 


Mortimer E. Coorey, dean emeritus of 
the colleges of engineering and architec- 
ture at the University of Michigan, has 
been honored through the new bridge 





MortTiMer E. Coo_tey Bripce 


across the Manistee River near Wellston, 
Mich., which has been given his name. 
The bridge was awarded first prize in its 
class for 1935 by a jury selected by the 
American Institute of Steel Construction. 


' Geratp W. KNIGHT, is now executive 
secretary of the Interstate Sanitation 
Commission, New York City. 


* EF. W. Backes has resigned as chief en- 
gineer and western representative of 
Standard Equipments, Inc., Chicago, IIL, 
to become sales engineer for the Rail 
Joint Company, of the same city. 


Matcotm D. LINDEMAN is now superin- 
tendent of the Sill Construction Company, 
of Chicago, Ill. Formerly he was with the 
Resettlement Administration in Lincoln, 
Nebr. 


ROBERT LINTON, consulting engineer of 
Los Angeles, Calif., was recently appointed 
a member of the California State Mining 
Board, an advisory body charged with de- 
termining the general policies of the Cali- 
fornia Division of Mines. 


Joun L. Nacwe, formerly assistant 
chief of the Eastern Division, Branch of 
Engineering, National Park Service, in 
Washington, D.C., was recently trans- 
ferred to St. Louis, Mo., where he is 
superintendent of the Jefferson National 
Expansion Memorial of this Service. 


Mer_e C. HOLLINGSWORTH was re- 
cently appointed assistant resident engi- 
neer inspector, Public Works Administra- 
tion, San Francisco, on the construction 
of a water-filtration plant for the city of 
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Santa Barbara, Calif. Previously he was 
an engineering draftsman in the Us 
Bureau of Public Roads in San Franci--. 


Jesse E. BUCHANAN is now research 
engineer for the Asphalt Institute, Say 
Francisco, Calif. Formerly he was test. 
ing engineer in the Idaho Bureau of High. 
ways. 


WALTER P. BLOEBCHER, previously an 
engineer with the Stone and Webster fn. 
gineering Corporation, at Haverford, Pa, 
is now with the Philadelphia and Reading 
Coal and Iron Company. 


ANTHONY D. ALDERSON has resigned 
as engineering field aide in the U.S. Engi- 
neer Department at Iowa City, Iowa, to 
enter the structural department of the 
Minneapolis, St. Paul, and Sault Sainte 
Marie Railway Company. His head- 
quarters are in Minneapolis, Minn. 


S. J. CHamBer.in, formerly instructor 
of engineering drawing in Burlington 
(Iowa) Junior College, is now instructor 
of theoretical and applied mechanics in 
Iowa State College. 


JosePH FERTIK is now assistant engineer 
for the New York City Board of Water 
Supply. He was previously chief engi- 
neer for the Atwell-Montee Caisson Cor- 
poration, of ‘he same city. 


JoHNSON L. Forsis, who was employed 
as an instrumentman in the Oklahoma 
State Highway Department, has been 
made director of operations, Seventh 
WPA District of Oklahoma, with head- 
quarters in Chickasha, Okla. 


Victor K. SCHEGOLKOV is now con- 
nected with the American Smelting and 
Refining Company in Tacoma, Wash 
Formerly he was structural draftsman for 
the Isaacson Iron Works, of Seattle. 


S. E. Kappe has resigned his position 
with the U. S. Engineer Office in Phila- 
delphia, Pa., where he was engineer in 
charge of a pollution study of the Dela- 
ware River and its main tributaries, to be- 
come sanitary engineer with the Chicago 
Pump Company. After several months 
in Chicago Mr. Kappe expects to open the 
pump company’s office in Philadelphia 


Henry O. Fraap has become president 
of the Allied Pneumatic Services, Inc, 
with headquarters in New York City 
Previously he was chief engineer of this 
company. 

VERNON P. JENSEN is now in the mate- 
rials testing laboratory of the University 
of Illinois, where he is special research as- 
sistant professor of theoretical and applied 
mechanics. He was previously at Iowa 
State College. 





DECEASED 


———— 





ALBert Reap Baxer (Assoc. M. ‘lo 
for the past seven years with the Metro 
politan Water District of Southern Califor- 
nia, died in San Marino, Calif., on >? 
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r 7, 1936. He was 54. Mr. Baker, 
1s born at Norwalk, Ohio, was edu- 
at the University of California. 
1905 to 1909 he was on the Stanis- 
iver hydroelectric development, and 
1912 to 1919 was chief engineer on 

ruction for the Marin (Calif.) Munici- 

Vater District. Later he was asso- 

with the Hetch Hetchy water 

t of San Francisco, and in 1927 he en- 

the contracting field. In 1929 he 
ed the water district staff. 


Ropert CarR CwHurcuHmt (M. '27) 
veneral contractor and president of the 
pr. C. Churchill Company, of Reanoke, 


Va., died in Staunton, Va., on September 
), 1936. Mr. Churchill, who was 45, was 
educated at the Sheffield school of engi- 


neering, Yale University. Following his 
graduation in 1912, he was employed by 
Flickwir and Bush, contractors, and later 
by the Westinghouse Electric Company 
and by Church, Kerr and Company, of 
New York. During the war he served asa 
lieutenant in France with the Twelfth 
Engineers, attached to the British army. 
Returning to Roanoke at the close of the 
war, he was engaged on construction work 
for the Norfolk and Western Railway 
Company and the Virginian Railway be- 
fore establishing his own firm. 


James ANDREW FarRveicH (M. ’91) 
secretary and treasurer of the Cushman- 
Fairleigh Engineering Company, of Chat- 
tanooga, Tenn., died at his home in that 
city on September 18, 1936. Mr. Fair- 
leigh was born in Brandenburg, Ky., and 
educated at Rensselaer Polytechnic Insti- 
tute. In 1888, after early experience in 
railroad engineering work, he became city 
engineer of Chattanooga, where he was in 
charge of sewer installations and other 
municipal projects. After three years in 
this position, he was engaged as resident 
engineer on the construction of the Walnut 
Street Bridge across the Tennessee River 
at Chattanooga. In 1892 he established 
the general engineering practice in which 
he continued for almost 50 years. 


WiitraM Hauck (Assoc. M. ’01) deputy 
chief engineer of the New York City De- 
partment of Water Supply, Gas, and Elec- 
tricity, died in New York on September 
20, 1936. Mr. Hauck, who was 62, was 
born in Watertown, Mass. Following his 
graduation from the Lawrence Scientific 
School in 1896, he spent several years in 
engineering work in Boston and its vicin- 
ity. He later served as assistant engineer 
for the Interborough Rapid Transit Com- 


mission in New York City. He was bor- 
ough engineer of the Bronx division, De- 
partment of Water Supply, Gas, and Elec- 


tricity, for some years before becoming 
leputy chief a few months ago. 


Cc ARENCE Scott Howe.t (Assoc. M. 
‘) consulting engineer of New York City, 
t his home in Cos Cob, Conn., on 


September 23, 1936, at the age of 61. Mr. 
Hov who was born in New York City, 
Was an authority on foundations and the 
iventor of a new method of pile driving. 


'1l to 1914 he was a member of the 
ing and architectural firm of 


Howell and Howell, of New York, and 
from 1914 to 1916 he was chief engineer 
for the Giant Concrete Pile Company of 
that city. During the war he served with 
the 55lst Engineers, and after the armis- 
tice again became connected with the 
Giant Concrete Pile Company. Later he 
established a consulting practice. 


JoHN FRANKLIN JACKSON (Assoc. M. 
94) consulting engineer of Milwaukee, 
Wis., died in that city on August 22, 1936, 
at the age of 71. Mr. Jackson was born in 
Hicksville, Ohio, and graduated from the 
Ada (Ohio) Normal University in 1886. 
For a number of years he was connected 
with the Wisconsin Bridge and Iron Com- 
pany. Entering as contracting engineer, he 
rose to be vice-president. From 1921 to 
1933 he was president of the Kidwell Boiler 





The Society welcomes addi- 
tional biographical material to 
supplement these brief notes 
and to be available for use 
in the official memoirs for 
“Transactions.” 











and Engineering Company, of Milwaukee, 
establishing his consulting practice in the 
latter year. Mr. Jackson supervised con- 
struction of the vehicular bridge over the 
Mississippi River at Burlington, Iowa; a 
bridge across the Ohio at Ironton, Ohio; 
and the ore deck at Marquette, Mich. 


CuarRLes Seymour Kimpati (M. ’12) 
of Washington, D.C., died on August 29, 
1936, at the age of 57. Mr. Kimball was 
born in Dubuque, Iowa. He served in the 
drafting department of the Metropolitan 
Street Railway Company of New York 
from 1894 to 1900. Later he was with the 
Rapid Transit Subway Construction Com- 
pany and in the bridge department of 
Westinghouse, Church, Kerr and Com- 
pany, of New York. Beginning in 1904, 
he served as engineer of way and struc- 
tures for the Washington Electric Railway 
Company for over twenty years. Later he 
was civil engineer for the Portland Cement 
Association in Washington, D.C., and 
from 1932 until 1984 was in the engineer- 
ing department of the Capital Traction 
Company of that city. 


MERRITT LEMUEL PIKE (Jun. ’28) proj- 
ect superintendent, ECW, U. S. Depart- 
ment of Agriculture, at CCC Camp, S-59 
New Lisbon, N.J., died on April 8, 1936. 
Mr. Pike was born in Westville, N.J., on 
February 2, 1907, and graduated from 
Drexel Institute in 1928. From. 1927 to 
1929 he was junior engineer for the New 
Jersey State Highway Department and 
later was resident engineer for the Stand- 
ard Oil Company of Pennsylvania at 
Philadelphia. In 1933 he became a fore- 
man at the CCC Camp at New Lisbon, 
where he later served as project superin- 
tendent. 


JouN MELVIN REARDON (Assoc. M. '28) 
superintendent of construction and repair 
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for the St. Paul (Minn.) Department of 
Public Works, died on September 29, 1936. 
Mr. Reardon, who was 36, was born in St. 
Paul and educated at the University of 
Minnesota. After his graduation in 1922, 
he became assistant superintendent of 
construction for the Butler Brothers Build- 
ing Company on highway paving opera- 
tions. In December 1923 he entered the 
employ of the city of St. Paul as assistant 
engineer in direct charge of sewer con- 
struction. In 1932 he became superin- 
tendent of construction and repair for the 
city. 


WILLIAM FULLERTON Reeves (M. ’12) 
assistant engineer for the Interborough 
Rapid Transit Company, New York City, 
died there on September 18, 1936, at the 
age of 77. Mr. Reeves was born in New 
York and educated at New York Univer- 
sity. Upon his graduation in 1880, he 
entered the employ of the Manhattan 
Railway Company as a civil engineer, and 
continued in this post when the company 
was taken over by the Interborough Rapid 
Transit Company in 1903. Later he be- 
came assistant engineer. Mr. Reeves 
specialized in the legal business of the 
engineering department and was an au- 
thority on contracts and easements. He 
was the author of a recent book on early 
elevated railways in New York City. 


James HERBERT RICHARDSON (M. '30) 
died in New York City on September 1, 
1936. He was born in Lawrence, Mass., on 
October 3, 1876, and was educated at 
Massachusetts Institute of Technology. 
From 1902 to 1909 he was employed by 
the American Bridge Company, and from 
1910 to 1916 was with the Boston and 
Albany Railroad Company. He designed 
many steel and concrete arches and special 
bridge structures for the latter. During 
the war he served overseas as a captain in 
the Engineer Corps of the army. From 
1924 to 1927 he was assistant engineer on 
the construction of the Holland Tunnel. 
In the latter year he entered the employ 
of the New York City Board of Water 
Supply, where he remained until 1934. 


Joun Cassan Warr (M. ’92) civil engi- 
neer and attorney of New York City, died 
on October 4, 1936, at Chenango Lake, 
N.Y., where his summer home was located. 
He was 76. A native of Norwich, N.Y., 
Mr. Wait received a civil engineering de- 
gree from Cornell University in 1882 and a 
degree in law from Harvard Law School in 
1891. From 1887 to 1894 he was a mem- 
ber of the Harvard faculty. In 1896 and 
1897 he was engineer in charge of the 
$9,000,000 improvements being made on 
the New York state canals. From 1899 on 
he was engaged in the practice of law 
in New York City. Mr. Wait was the 
author of several books. Of these the best 
known is probably his Engineering and 
Architectural Jurisprudence. 


Bruce CLInTon Yates (M. ’23), for the 
past 18 years general manager of the 
Homestake Mining Company, of Lead, 
S. Dak., died there on August 10, 1936, at 
the age of 67. Mr. Yates was born near 
Grafton, W.Va., and graduated from the 
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University of Nebraska in 1892. After 
several years in the maintenance-of-way 
department of the Chicago, Burlington, 
and Quincy Railroad, he established a 
general surveying and mining engineering 
practice. His firm was dissolved in 1897, 
when he became mine surveyor for the 
Homestake Mining Company. First he 


was promoted to the position of chief engi- 
neer and later to that of assistant general 
manager. In 1918 he became general 
manager. 

Eprror’s Note: Through an unfortu- 
nate error, the name of Frederick Calvin 
Davis, M. Am. Soc. C.E., of San Fran- 
cisco, Calif., was included among the de- 
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ceased in the March issue of Crvim Eno. 
NEERING. This error occurred through 
confusing his name with that of Frederick 
Davis, Assoc. M. Am. Soc. C.E., of Santa 
Cruz, Calif., whose death occurred op 
January 25, 1936. Mr. Frederick C. Dayis 
is construction engineer for Gladding 
McBean and Company of San Francisco. 








Changes in Membership Grades 


Additions, Transfers, Reinstatements, and Resignations 


From September 10 to October 9, 1956, Inclusive 








ADDITIONS TO MEMBERSHIP 


Apams, Rosert Francs (Jun. 36), Care, Dept. 
of Applied Mechanics, Kansas State Coll., 
Manhattan, Kans. 


Aceeroa, Atvyn Crype (Jun. '36), Engr. Aide, 
TVA, Dept. of Electricity, Wilson Dam, Ala. 


Bean, SuermMan Huww (Jun. '36), 2357 North 
West Irving St., Portland, Ore. 


Bear, Hersert Strantey (M. °36), Lt.-Com- 
mander, C.E.C., U.S.N., Public Works Officer, 
Great Lakes, IIL. 


Bere, Lours Letontry (Jun. '36), Development 
and Service Engr., Elec. Tamper & Equipment 
Co. (Res., 409 North Rath Ave.), Ludington, 
Mich. 


Brsozzt, Leo (Assoc. M. °36), Superv. Engr., 
Dept. of Water Works (Res., 52 Ruth St.), 
Hammond, Ind. 


Brown, STANLEY Montcomery (Assoc. M. '36), 
State Maintenance Engr., State Highway 
Dept., 710 Twelfth St., Bismarck, N. Dak. 


Buck, Joun Etmer (Jun. '36), 1111 Highland 
Ave., Knoxville, Tenn 


Bussey, Artuur STanvey (Jun. '36), 513 Thirty- 
Fifth St., West Palm Beach, Fla. 


Byrens, Forrest Evcens (Assoc. M. ‘°36), 
Associate Engr., U. S. Engr. Office, War Dept., 
39 Whitehall St., New York (Res., 68 Cam- 
bridge Ave., Garden City), N.Y. 


Carsar, Georoe Partie Encrer, Jr. (Jun. '36), 
Hamilton Hall, B 22, Soldiers Field, Boston, 
Mass 


Carr, Craro Tuomas (Jun. °36), Draftsman, 
Bridge Design Dept., State Highway Comm. 
(Res., 1239 Orchard Drive), Ames, Iowa. 


Crocuerro, Frank Cuaries (Jun, °36), 430 
West 12th St., Pueblo, Colo. 


Cocuran, Atsert Lupwett (Jun. '36), Junior 
Engr., U. S. Engr. Office, 608 Postal Telegraph 
Bidg., Kansas City, Mo. 


Dement, James Wasnincton, Jr. (Jun. '36), 
U.S. Engr. Office, Bock-Fischel Bidg., Vicks- 
burg, Miss. 


Dirroip, Dante. Stuses (Jun. 36), 1004 Grand 
Ave., Edwardsville, Il. 


Dorner, WitttaM Joun (Jun. '36), 1336 South 
East 48th Ave., Portland, Ore. 


Dretssen, Rosert Epwarp Eric (Jun. °36), 
Central VY. M. C. A., St. Paul, Minn. 


Dupin, Mriton (Jun. '36), Cartographer, Met. 
Mode! Project (Res., 2505 Lorillard Pi.), New 
York, N.Y. 


Dunninc, WititaM Atrrep (Assoc. M. °36), 
with Los Angeles County Flood Control Dist. 
(Res., 1544 Cerro Gordo St.), Los Angeles, 
Calif. 


Dunton, Atten Henry (Jun. '36), 306 West 3d 
St., Muscatine, lowa. 


Duvatt, Pamir Kirx (Assoc. M. '36), Gen. 
Contr. (Duvall & McKinney), Logan, Iowa. 


Dye, Forrest Leswie, Jr., (Assoc. M. '36), With 
U. S. Engr. Office, Box 97, Memphis, Tenn. 


FinniLa, ALrrep Aucust (Jun. '36), 2284 Mar- 
ket St., San Francisco, Calif. 


Fresen, Martin Henry (Assoc. M. '36), Asso- 
ciate Engr., U. S. Bureau of Reclamation (Res., 
1161 South High St.), Denver, Colo. 


Gaytorp, Epwin Henry, Jr., (Assoc. M. °36), 
Asst. Prof., Civ. Eng., Ohio Univ., Box 181, 
Athens, Ohio. 


GeLeerMan, Jacop (Jun. °36), 616 West Dia- 
mond St., Onawa, Iowa, 


Geruart, Joun Wattace (Jun. '36), 2360 Lin- 
den Ave., Long Beach, Calif. 


Gostine, Georce Wriitams (Assoc. M. °36), 
Dist. Engr., U. S. Dept. of Agriculture, SCS, 
213 Main St., Watsonville, Calif. 


Green, Ropert Sirsa (Jun. '36), 432 Monroe 
St., Gary, Ind. 


Greenperc, Jack (Assoc. M. '36), Asst. Struc- 
tural Engr., City of Detroit (Res., 1927 Pin 
gree Ave., Apartment 316), Detroit, Mich. 


Grecory, Georce Artnur (Assoc. M. °36), 
Res. Engr. Insp., PWA, Tacoma (Res., 1217 
Jefferson St., Olympia), Wash. 


Hanpb, Ropert Davip (Jun. '36), With M. of W. 
Dept., C. & O. Ry., Care, Car EC-2, C. & O. 
Ry., Richmond, Va. (Res., 412 Courtland 
Ave., Park Ridge, Ill.). 





TOTAL MEMBERSHIP AS OF 
OCTOBER 9, 1936 


OND. 6 axed idedaedcd 5,639 
Associate Members....... 5,955 


Corporate Members... 11,594 


Honorary Members...... . 19 
Perr ee ex er 3,102 
NN bet cdeie Skweave 89 
DS ch o acecuevaucue 1 
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Hatca, Georce Epwin (Jun. '36), Wessington 
Springs, S. Dak. 


Ho.titoway, JoHn CARRINGTON, Jr. (Jun. '36), 
Y. M. C. A., Aberdeen, S. Dak. 


Horne, CLevecanp Rep, Jr. (Jun. '38), 21) 
University Terrace, Gainesvil e, Fla. 


Huriow, Huon, Jr., (Assoc. M. '36), Dist. Mer, 
Am. Cable Co. and Hazard Wire Rope Co 
(Res., 515 North Cushman St.), Tacoma, 
Wash. 


Isé, Henry (Assoc. M. '36), Asst. Engr., Scituate 
Reservoir Div., Dept. of Public Works, City 
Hall, Providence, R.I. 


Isto, Reynotp Epwarp (Jun. °36), Newell, 
S$. Dak. 


Jackson, Ducatp Cates, Jr. (M. '36), Director 
Lewis Inst., 1951 West Madison St., Chicago 
Ill. 


Jounson, Maynarp Dovucoras (Jun, °36), 131! 
South Main St., South Bend, Ind. 


Jones, Avtsert Barnett (M. °36), Maj., Corps 
of Engrs., U.S.A.; Dist. Engr., Duluth Dist., 
U. S. Engr. Office, Duluth, Minn, 


Jones, Samuev Leary (Jun. '36), 318 Fourteenth 
St., University, Va. 


Kaui, Witttam Grover (Jun. '36), 1407 Valen- 
tine Rd., Kansas City, Mo. 


Kitrrectit, Crark (M. '36), Care, U. S. Engr 
Office, Fort Peck, Mont. 


Kvuat, Lewrs Cuaries, Jr. (Assoc. M. '36), 
Structural Designer and Checker, Turner 
Constr. Co., Eng. Dept., 420 Lexington Ave., 
New York, N.Y. (Res., 1152 Coolidge Rd., 
Elizabeth, N.J.). 


Lamson, Writ1aAM Deane (Jun. '36), 561 Bast 
9th St., Brooklyn, N.Y. 


LaVatiey, Epwarp Crovis (Assoc. M. ‘36), 
Instr., Eng. Drawing, Coll. of Eng., New York 
Univ., New York (Res., 227 Eastchester Rd 
New Rochelle), N.Y. 


Lemonps, Donatp Artuur (Jun. '36), 808 Bast 
64th St., Seattle, Wash. 


Leonarp, Georce Kinney (M. °36), Constr 
Engr., TVA, Guntersville Dam, Ala. 


Ley, Ropert Tarr (Jun. '36), Engr., Fred T 
Ley & Cia., S.A., Apartado Postal 1219, Bo- 
gota, Colombia. 


LieperMAN, Harry Atvin (Jun. '36), 3424 West 
North Ave., Chicago, Ill. 


LignHARD, Frepverick (M. '36), Engr , Leon 5. 
Moisseiff, 99 Wall St., New York, N.Y 


Linco, Ropert Myron (Jun. '36), 7-D Godfrey 
Court, Fort Riley, Kans. 
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vy, Davip Josep (Jun. '36), 1135 Fifty- 
th St., Brooklyn, N.Y. 


Ranpite Greson (Assoc. M. °'36), Senior 
ftsman with Los Angeles County Surv. 
231 North Ave. 60), Los Angeles, Calif. 


\oNALD, Harotp Joserm (Assoc. M. °36), 
d Supervisor of Constr., Colonial Beacon 
Co., Boston (Res., 48 Banks St., Cam- 
ge), Mass. 


xrcCann, Evucene Harrison, Jr., (Jun. '36), 
or Engr., Humble Oil & Refining Co. (Res., 
‘8 Bonnie Brae), Houston, Tex, 


\icKer, Jack Epwarp (Jun. '36), With TVA 
_ 620 Seventeenth St.), Knoxville, Tenn. 


sr,cnuson, Nevs Conrap (Assoc. M. '36), Hy- 
yerapher and Res. Engr., U. S. Geological 
rvey (Res., 504 East Mary St.), Austin, 


x 


Macex, Josepa Stancey (Jun. '36), 77 Main 
Manchester, Conn, 


Marrone, ADotpn ALrrep (Jun. 36), Rodman 
ed Chainman, Madigan-Hyland, 521 Fifth 
ive, New York (Res., 133 North 5th Ave., 
Mount Vernon), N.Y. 


Marreson, ELDON FRANKLIN (Jun. '36), Una- 
dilla Forks, N.Y. 


Maurz, FeRDINAND Francis (Jun. °'36), 1133 
Hopkins St., Berkeley, Calif. 


Mever, Ricwarp Davis (Jun. 36), Lieut., 
Corps of Engrs., U.S. A., Fort Belvoir, Va. 


Mickey, James Danrev (Jun. '36), Office Engr., 
Central Nebraska Public Power and Irrig. 
Dist., Tri-County Project, Hastings, Nebr. 


Morrison, Grorce Ian (Jun. °36), East 950 
Indiana St., Spokane, Wash. 


Nasu, Georce ArTuur (Jun. '36), 1129 Oak St., 
EvuGBENE, ORE 


Netsen, LAVERN James (Jun. '36), Designer, 
rhe Central Nebraska Public Power and Irrig. 
Dist. (Res., 838 North Hewitt), Hastings, 
Nebr. 


Nuzum, Cuartes Ricwarp (Jun. '36), Junior 
Engr., State Road Comm., Keyser, W.Va. 


O’Lavemtin, James Francis (Jun, °36), 317 
Seventh St., South, Moorhead, Minn. 


Ortanp, Herpert Pavut (Jun. °36), With 7th 
Field Artillery, Fort Ethan Allen, Vt. 


Packarp, Frank (Assoc. M. '36), Junior Topo- 
graphical Engr., Conservation Branch, U. S. 
Geological Survey, Box 1341, Sacramento 
Calif 


Patmer, Vincent ALLEN (Jun. '36), Route 2, 
Box 568, Turlock, Calif. 


PenpLeTON, James Brnyamin (Assoc. M. '36), 
Structural Designer, State Highway Comm., 
Bridge Design Dept., Masonic Temple (Res., 
1421 Western Ave.), Topeka, Kans. 


PenpLeron, Writram Lamar (Assoc. M. '36), 
Chf. Draftsman and Asst. Engr. of Plans, 
State Highway Dept., Phoenix, Ariz. 


Petersen, Harry Groros (Jun. '36), Concrete 
Technologist, Golden Gate Atlas Materials 
Co., San Francisco (Res., 1841 Bancroft St., 
San Leandro), Calif. 


Prerrer, Freperick Joserpm (Assoc. M. °36), 
Insp. in Chg., State Road Comm., Box 463, 
Keyser, W.Va. 


Piccnt, Ferrer (Jun. °36), Asst. to Gen. Field 
supt., WPA, New York (Res., 362 Marbledale 
Rd., Tuckahoe), N.Y. 


PickeRING, Oxre Leg (Assoc. M. °36), Res. 
Engr. Insp., PWA, Box 401, Bristol, Tenn. 


Praucur, Clarence HaRotp (Jun. °36), Junior 
E n U.S. Indian Forestry Service, Red Lake, 


Rippet, Joun Ormonp (M. °'36), Res. Engr., 
Trinidad Central Water Supply Scheme, Trini- 
dad Govt., and Howard Humphreys & Sons, 
St. Joseph, Trinidad. 


Ropsrns, Howarp Epwarps (Assoc. M. '36), 
Associate Engr., U. S. Bureau of Reclamation, 
Phoenix, Ariz. 


Rosrnson, Camm Paut (Assoc. M. °36), Eng. 
Asst., Rand Water Board, 74, Commissioner 
St., Johannesburg, Union of South Africa. 


ROBINSON, Mgape Morrison (Jun. '36), 602 
South East Ist St., Evansville, Ind. 


Russert, Jonn Critrenpen (Assoc. M. °36), 
With Suburban RA; 3305 West Ave., Newport 
New:, Va. 


ScHLesINGeR-CARRERA, Luts ANTONIO MIGUEL 
(M. °36), Cons. Engr. and Contr., 10¢ Calle 
Oriente, No. 11B, Guatemala, Guatemala. 


Scuuuze, Axer (Assoc. M. '36), Pres. and Chf. 
Engr., Gilmour Steel Products Co., Inc. (Res., 
5413 Ridge Ave.), Philadelphia, Pa. 


SHEINWALD, BENJAMIN SCHELLENBERG (Ju. 
*36), 74 Browne St., Brookline, Mass. 


Sueparp, CHarites Harovp (Jun. '36), Labora- 
tory Technician, Soil Section, State Highway 
Testing Laboratory (Res., 65 Thirteenth Ave.) 
Columbus, Ohio. 


Smepson, Jonn Tempce (Jun. '36), Junior Engr., 
Bureau of Reclamation (Res., 1065 Josephine 
St.), Denver, Colo. 


Smrre, Joserps Wuwiam (Jun. °36), Humble 
Dormitory, Baytown, Tex. 


Smita, Tomas ALEXANDER (Jun. °'36), Office 
Engr., State Highway Dept., Div. 5, Fort 
Davis, Tex. 


TATHAM, NORMAN JouN (Jun. °36), Chairman, 
Southern California Gas Co.; 203 West Mag- 
nolia Ave., Glendale, Calif. 


Taytor, Guy Harvey (Jun. °36), 601 North 
East Irving St., Apartment 204, Portland, Ore. 


TaYtor, James Donatp (Jun. °'36), 82 North 
Harlem, Riverside, Ill. 


TuHompson, Mites Howrerr (Jun. '36), Insp., 
Hydr. Design, U. S. Engr. Office (Res., 735 
Hartford Ave.), Los Angeles, Calif. 


TOMLINSON, Freperick Bryon (Jun. '36), 63 
Hickory St., Bridgeport, Conn. 


UttTerpack, THomas EvGene (Jun. '36), Asst. 
Engr. Aide and Research Asst., U. S. SCS, Box 
1151, Gallup, N.Mexs 


WARREN, Frank Kaire, Jr. (Jun. '36), With 
F. & M. Schaefer Brewing Co., Brooklyn (Res. 
103-06 Farmers Ave., Hollis), N.Y. 


WatTersury, LAwRence Stuart (Assoc. M. °36), 
Civ. Engr., 22 East 38th St., New York, N.Y. 


Watts, WriittaM Ray (Jun. '36), Instrumentman, 
State Highway Dept., Box 626, Post (Res., 
923 Lane Ave., Abilene), Tex. 


WERNER, Max Atrred, Jr. (Jun. 36), 3030 
Western Ave., Peoria, Ill. 


West, Greorce Goopson (Assoc. M. '36), Chif., 
Hydrology Section, U. S. Engrs., 2d Portland 
Dist. (Res., 1918 South East 28th Ave.), Port- 
land, Ore, 


WesTMAN, JOHN FRANKLYN, Jr. (Jun. '36), 343 
East 139th St., New York, N.Y. 


Wuarirte, Joserpn Henry (M. '36), With Board of 
County Commrs., Allegheny County, Pitts- 
burgh, Pa, 


Witson, Harotp Watter (Jun. '36), Box 291, 
Ladoga, Ind. 


Youncguist, Rusen Currrorp (Assoc. M. '36), 
Draftsman, Dept. of Water and Power, City of 
Los Angeles (Res., 5464 West Boulevard), Los 
Angeles, Calif. 
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Bevaerr, NicHoLas PLaTON (Jun. '33; Assoc. 
M. '36), Field Engr., Madigan & Hyland, 521 
Fifth Ave. (Res., 25 Hillside Ave., Apartment 
2 K), New York, N.Y. 


CHRISTIANSEN, JeRALD Emmett (Jun. 28; Assoc 
M. '36), Junior Irrig. Engr., Experiment Sta- 
tion, Coll. of Agriculture, Univ. of California, 
College Park, Davis, Calif. 


Counen, Paut Arruur (Jun. "27; Assoc. M. '36), 
Asst. Engr., Bridge Div., Bureau of Highways 
(Res., 2445 Callow Ave.), Baltimore, Md. 


Crocker, Foster BALDWIN (Jun. "11; Assoc. M. 
"13; M. '36), Associate Civ. Engr., State Dept. 
of Public Works, Div. of Eng., Syracuse, N.Y. 


Davis, Pump Kees (Assoc. M. '30; M. 36), 
Constr. Engr., Joint State Highway Dist. 13 
(Res., 5810 Keith Ave.), Oakland, Calif. 


Erickson, Arcuiz Mitton (Jun. '27: Assoc. M. 
*36), Cons. Engr.; Faculty Member, School of 
Architecture, New York University, 1071 
Sixth Ave., New York, N.Y. 


Frost, Maurice Bayarp (Jun. '26; Assoc. M. 
*36), Engr., New Jersey Water Co., 610 Sta- 
tion Ave. (Res., 219 Eighth Ave.), Haddon 
Heights, N.J. 


Gripiey, Horace Vesey (Jun. "24; Assoc. M. 
36), Sales Engr., Garlinghouse Bros., 2416 
East 16th St., Los Angeles (Res., 256 South 
Lake Ave., Pasadena), Calif. 


Gutnn, Rempert Suiecps (Jun. "29; Assoc, M 
*36), Asst. Engr., Bridge Div., State Highway 
Dept. (Res., 602 West 16th St.), Austin, Tex. 


Irvin, RicHarp (Jun. '10; Assoc. M. '15; M. 
*36), Archt. and Engr., 101 Vandergrift Bldg., 
Pittsburgh, Pa, 


McKeon, Francis Danret (Jun. '26; Assoc. 
M. '36), Asst. Engr., State Highway Dept. 
(Res., 210 Wellesley Rd.), Syracuse, N.Y. 


Ossporn, Lewis Know.es (Jun. ’29; Assoc. M. 
*36), Structural Engr., T. C. Kistner, 814 
Architects Bldg., Los Angeles (Res., 324 Eliot 
Court, Long Beach), Calif. 


PACKMAN, IAN BUCHANAN (Jun. '26: Assoc. M. 
*36), Engr., Pioneer Ice Cream Brands, Inc., 
205 East 24th St., New York (Res., 524 South 
8th Ave., Mount Vernon), N.Y. 


Parsons, GeRALD Ernest (Jun. ’'27; Assoc. M. 
*36), 5504 Wayne Ave., Baltimore, Md. 


Spurney, Ferix EMAnust (Jun. '23; Assoc. M. 
35), Asst. Supt., Turner Constr. Co., 420 
Lexington Ave., New York, N.Y. (Res., 10 
Calvert Pl., Kensington, Md.). 


Vicente, Evisio Ferreira (Jun. "31; Assoc. M. 
*36), Structural Engr., James E. Geissberger, 
103 Park Ave., New York (Res., 9114 Park 
Lane South, Woodhaven), N.Y. 

Wark, James Evert (Jun. 25; Assoc. M. '36), 


Engr., Ayres, Lewis, Norris & May (Res., 1014 
Rose Ave.), Ann Arbor, Mich. 


REINSTATEMENTS 


Barrows Danie. Josern, Jun., reinstated 
Sept. 21, 1936. 


Barte, Georce Russeii, Assoc. M., reinstated 
Aug. 17, 1936. 


BLINN, Ray Suarp, M., reinstated Aug. 17, 1936, 


Cuapin, RicHarp Norman, Assoc. M., reinstated 
Aug. 17, 1936. 


CLaRK, Roy Ross, M., reinstated Sept. 14, 1936. 


DURRANT, THEODORE VINCENT Scott, Assoc. M., 
reinstated Aug. 17, 1936. 


E..is, Herpert Cram, Assoc. M., reinstated 
Sept. 16, 1936. 


HamMonD, Newton LeRoy, M., reinstated 
Sept. 11, 1936. 
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Kevtcu, Norman Watvace, Assoc. M., resigned 
Sept. 28, 1936. 


RaGaInt, FRANK, Jun., resigned Sept. 10, 1936 


Petter, Josern Pavut, Assoc. M., reinstated RESIGNATIONS 


Sept. 14, 1936. 


Tove.t, CLarence Evoens, Assoc. M., rein- Bumstep, Evoene Braprorp, M., resigned 


stated Sept. 14, 1936. Sept. 23, 1936. 
Wacox, Hatstep Newst., Assoc. M., rein- Jonws, Raven Ketty, Jun., resigned Sept. 17, Sturmer, Date Emanvst, Jun., resigned Sept. 
stated Aug. 17, 1936. 1936. 15, 1936. 














Applications for Admission or Transfer 


Condensed Records to Facilitate Comment of Members to Board of Direction 


November 1, 1936 Number 11 




















The Constitution provides that the Board of Direction shall elect or upon the opinions of those who know the applicant personally as 
reject all applicants for admission or for transfer. In order to well as upon the nature and extent of his professional experience, 
determine justly the eligibility of each candidate, the Board must Any facts derogatory to the personal character or professional 
depend largely upon the reputation of an applicant 
membership for information. should be promptly commu- 

Every member is urged, nicated to the Board. 
therefore, to scan carefully GRADE Communications relating 
the list of candidates pub- — iene to applicants are considered 
lished each month in Civi Member 35 years 12 years® ain a strictly confidential. 
ENGINEERING and fo furnish associate The Board of Direction 
the Board with data which Member will not consider the appli- 
may aid in determining the Junior Qualiied for sub-professional 20 years t 4 years* cations herein contained from 
eligibility of any applicant. a, residents of North America 

It is especially urged that setae ag eb ieee 12 yearst Syearsofim- until the expiration of 50 
a definite recommendation as Sarees wee days, and from non-residents 


MINIMUM REQUIREMENTS FOR ADMISSION 


LENGTH OF RESPONSIBLE 


GENERAL REQUIREMENT AGE ACTIVE CHARGE OF 


Qualified to design as well as 
to direct important work 


Qualified to direct work 27 years 8 years* 1 year 


to cooperate with engineers 


Contributor to the permanent funds of the Society of North America until the 
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lo the proper grading be Fellow 
given in each case, inasmuch 


as the grading must be based t Membership ceases at age of 33 unless transferred to higher grade. 


* Graduation from an engineering school of recognized reputation is equivalent to 4 expiration of 90 days Srom 
years of active practice. 


the date of this list. 


The fact that applicants refer to certain members does not necessarily mean that such members endorse. 


ADMISSIONS 


Attias, Wittiam, New York City. (Age 21.) 
Refers to W. Allan, R. E. Goodwin, T. H. Pren- 
tice, J. C. Rathbun. 


Botten, Frovp Lowsett, North Platte, Nebr. 
(Age 33.) Asst. to Project Engr., PWA, Platte 
Valley Public Power and Irrigation Project. 
Refers to J. A. Bruce, K. F. Burnett, R. E. 
Edgecomb, H. D. Jolley, H. J. Kesner. 


Branpr, Harvey Taeopvore, Los Angeles, Calif. 
‘Age 23.) With Dept. of Bidgs., Los Angeles 
County. Refers to R. M. Fox, D. M. Wilson. 


Branor, Joun Nicworas, Kansas City, Mo. 
(Age 32.) Jun. Engr., U. S. Engr. Office, Kan- 
sas City, Mo. Refers to J. P. Edstrand, G. A. 
Hathaway, D. H. McCoskey, F. A. Russell, 
H. K. Shane, A. R. Your -. 


Casacranpe, Artuur, Can. ige, Mass. (Age 
34.) Asst. Prof. of Civ. Eng., Graduate School 
of Eng., Harvard Univ. Refers to G. M. Fair, 
G. Gilboy, F. A. Marston, H. A. Mohr, C. S. 
Proctor, F. E. Schmitt, C. Terzaghi. 


Conner, Srantey Jack, Jr., Philadelphia, Pa. 
(Age 22.) Refers to W. S. Lohr, E. H. Rock- 
well. 


Covet, Wrtiam Eowarp Raas, Oakmont, Pa. 
(Age 43.) Dist. Engr., U. S. Engrs., Pittsburgh 
(Pa.) Office. Refers to G. E. Barnes, S. C. 
Godfrey, J. P. Growdon, H. A. Hickman, B. B. 
Somervell, H. A. Thomas, M. C. Tyler. 


Dato, Peter Avsert, St. Albans, N.Y. (Age 
36.) Chf. of Party, Dept. of Parks, New York 
City. Refers to A. M. Anderson, A. J. Bar- 
zaghi, E. Praeger, N. K. Torsky, J. Wilmot. 


Danis its, Percy Hiram, Jefferson City, Mo. 
(Age 47.) Engr. of Surveys and Plans at State 


Headquarters, Missouri State Highway Dept. 
Refers to B. L. Brown, A. P. Greensfelder, 
W. A. Heimbuecher, F. G. Jonah, J. C. Travilla. 


Ewatp, Arpen Anton, Knoxville, Tenn. (Age 
38.) Asst. Structural Engr., Dams Div., TVA. 
Refers to S. B. Barnes, A. A. Burger, D. E. 
Donley, J. M. Heffelfinger, Jr.. W. A. Knapp, 
R. M. Riegel, L. B. Westfall. 


Fay, Epwaro CHarties, Jr., Drexell Hill, Pa. 
(Age 21.) Refers to W. H. Barton, C. A. How- 
land, S. B. Lilly, F. L. Martin, C. E. Myers, 
C. S. Shaughnessy, J. G. Shryock. 


Freesorovcs, Benjamin Bonnett, Austin, 
Tex. (Age 35.) Inventory Mgr., Statewide 
Highway Planning Survey, Texas State High- 
way Dept. Refers to W. D. Dockery, G. G. 
Edwards, M. B. Hodges, H. H. Peel, K. K. 
Prestridge, H. P. Stockton, Jr. 


Fuorrt, Georce Lemust, Jetmore, Kans. (Age 
24.) Refers to L. E. Conrad, O. J. Eidmann, 
F. F. Frazier, L. B. Fugitt, M. W. Furr. 


Garretts, Jewett Miran, Jackson Heights, 
N.Y. (Age 33.) Associate in Mechanics, Col- 
umbia Univ.; Engr. with Waddell & Hardesty, 
New York City. Refers to J. W. Barker, J. K. 
Finch, S. Hardesty, O. E. Hovey, W. J. Kre- 
feld, S. J. Ott, J. E. Wadsworth. 


Gtiipert, Joun Mixes, St. Louis, Mo. (Age 23.) 
Draftsman with Russell & Axon, Cons. Engrs. 
Refers to J. C. Pritchard, G. S. Russell, E. O. 
Sweetser. 


Gray, Hamicton, Gardiner, Me. (Age 26.) 
With Moran & Proctor, New York City. Re- 
fers to G. M. Fair, A. Haertlein, L. J. Johnson, 
H. M. Turner. 


Gray, Watter Joseru, Ames, Iowa. (Age 20.) 
Research Asst., Eng. Experiment Station, 


Iowa State Coll. Refers to W. Allan, J. C. 
Rathbun. 


Greicus, Siomunp Epwarp, Glasgow, Mont. 
(Age 31.) Inspector, Gen. Constr., U. 5S. 
Engrs., Ft. Peck Dam, Mont. Refers to W. S. 
Henderson, W. A. Knapp, G. E. Lommel, G. W. 
Miller, R. B. Wiley. 


Grirritus, THomas WriiuiaM, Glendale, Calif. 
(Age 23.) Surveyman, U. S. Engrs., being Chi 
of Constr. Survey Party, Haines and Duns- 
muir Canyons. Refers to R. R. Martel, W. W 
Michael, F. Thomas. 


Groves, Joun Meyestn, Norris, Tenn. (Age 27.) 
Jun. Hydr. Engr., TVA, Hydraulic Laboratory, 
Norris, Tenn. Refers to F. J. Evans, A. 5. Fry, 
G. H. Hickox, F. M. McCullough, C. B. Stan- 
ton, H. A. Thomas, J. H. Wilkerson. 


Haywarp, Homer James, Ann Arbor, Mich 
(Age 34.) Engr. with Shoecraft, Drury & 
McNamee. Refers to A. J. Decker, W. R 
Drury, W. C. Hoad, R. L. McNamee, R. H. 
Sherlock, E. C. Shoecraft, G. F. Wyllie. 


Hetvenston, Humsotpr Rey, Pittsburgh, Pa 
(Age 30.) Gen. Field Supt. with Henry Busse, 
Gen. Contr. Refers to J. B. Bassett, W. \. 
Dambach, J. H. Dowling, C. G. Dunnells, F. D 
McEnteer, G. McFadden, T. D. Mylrea, &. 
Riddle, W. F. Trimble. 


Henperson, THomas Wayne, Dixon, Ill. (Age 
22.) Jun. Civ. Engr., Super Power Co. of Illi- 
nois. Refers to C. A. Ellis, R. B. Wiley. 


Horn, Samuet James, Metuchen, N.J. (Ase 
43.) Draftsman, Dept. of Chf. Engr., Peo 
sylvania R.R., New York City. Refers ‘ 
H. G. Altvater, E. J. Burke, C. D. Conkiin Ir. 
W. S. Lohr, T. B. Rights. 
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H ez, Epwarp Anperson, Arkansas City, 

; (Age 24.) Chainman, Atchison, Topeka 
Santa Fe R.R. Co. Refers to L. E. Con- 
rv. F. Frazier, M. W. Furr. 


uwao-YuAN, Iowa City, Iowa. (Age 23.) 
rs to E. W. Lane, F. T. Mavis. 


Myron Orvat, Asheville, North Caro- 
(Age 25.) Asst. Eng. Aide and Junior 
Engr., French Broad River Basin, with 
I Refers to A. S. Fry, B. E. Morriss, J. C. 
P C. E. Sherman. 


KR e, Merritt Vincent, Evansville, Ind. 
20.) Refers to C. A. Ellis, R. B. Wiley. 


, Frank Epwarp, Dormont, Pa. (Age 27.) 
Ener. of Concrete Tests, Jones & Laughlin Steel 
Corporation, Pittsburgh, Pa. Refers to F. J. 
I s, H. A. Thomas. 


Lurrens, Josepa CHartas, Brooklyn, N.Y. 

\ce 26.) Jun. Engr., U. S. Engr. Office, Ist 

Dist.. New York City. Refers to F. B. Hark- 
ness, W. C. MeNown, W. B. Moss. 

McGowan, Jonn, Denver, Colo. (Age 29.) 
Office Engr., Moffat Tunnel, with Herbert S. 
Crocker. Refers to M.S. Bitner, H. S. Crocker, 
D. D. Gross, L. R. Howson, H. L. Potts, R. J. 


Tipton. 


Marer, Josepn, Astoria, N.Y. (Age 38.) Vice- 
Pres., Balaban-Gordon Co., Inc., Engrs. and 
Contrs., New York City. Refers to E. Bala- 
ban, J. F. Krakauer, S. Lengyel, J. Loewen- 
stein, A. C. Penman. 


Martin, Hunt Vreevanp, St. Thomas, Virgin 
Islands. (Age 30.) Officer in charge of con- 
struction, Marine Aviation Facilities; Lieut. 
C.E.C.), U. S. Navy. Refers to W. H. Allen, 
W. M. Angas, R. E. Bakenhus, J. T. Mathews, 
A. L. Parsons, N. M. Smith. 


Matueny, CHarRLes Woopsurn, Jr., Sarasota, 
Fla Age 22.) Rodman, Resettlement Ad- 
ministration, Scottsboro, Ala. Refers to W. W. 
Fineren, P. L. Reed. 


Mork, Lee Datras, St. Louis, Mo. (Age 31) 
Instructor, Civ. Eng. Dept., Washington Univ. 
Reters to A. H. Baker, A. H. Fuller, R. 8. John- 
ston, F. Kerekes, L. O. Stewart. 


Norpenson, Tor Juttus, Hancock, Mich. (Age 
23.) Instrumentman, Michigan State Highway 
Dept. Refers to L. M. Gram, C. T. Johnston, 
H. W. King, W. C. Sadler, R. H. Sherlock. 


Ortino, Joun THomas, Seneca Falls, N.Y. (Age 
26.) Jun. Hydr. Engr., Water Resources 
Branch, U. S. Geological Survey, Albany, N.Y. 
Refers to H. B. Alvord, C. H. Brown, R. M. 
Genthon, E. A. Gramstorff, A. W. Harrington, 
J. F. Pierce. 


Porter, WARREN Lesute, Davenport, Iowa. (Age 
42.) Rate and Appraisal Engr. and Vice-Pres., 
United Light & Power Eng. & Constr. Co. 
Refers to T. R. Agg, J. J. McShane, A. Marston, 
N. T. Veatch, Jr., W. G. Woolfolk. 


Qurretn, Eowarp Josepm, Woodside, N.Y. (Age 
25 Structural Engr., Mayers, Murray & 
Phillips, Archts., New York City. Refers to 
R. Evers, E. Praeger, E. J. Squire. 


Resp, Wmtram Georoe, Long Beach, Calif. 
Age 51.) Res. Engr., Federal PWA. Refers 
to O. G. Bowen, P. E. Jeffers, D. H. McCreery, 
J. W. Martin, W. T. Wright. 


Reevy, Epwarp Ecan, Columbus, Ohio. (Age 
25.) Asst. with WPA in Ohio, on material and 
Specification engineering. Refers to C. T. 
Cavan, C. T. Morris, J. R. Shank, C. E. Sher- 
man, R. C. Sloane. 


ReMiNnc CHARLES Perer, Austin, Tex. (Age 36.) 
Valuation Engr., Gas Utilities Div., R. R. 


Comm. of Texas. Refers to C. T. Bartlett, 
J. S. Fenner, F. S. French, F. E. Giesecke, 
- L. Lowry, Jr., H. M. Matthews, T. U. 
aylor 


laces, Roy Leg, McGehee, Ark. (Age 26.) 
Chf. of Party, U. S. Resettlement Administra- 
tion. Refers to H. F. Bucher, A. D. Kidder, 

C. Pinney, J. R. Rhyne, W. L. Winters. 


Rosinson, Paut Epcar, Auburn, N.Y. (Age 
21.) Mgr., Jay W. Robinson (sand and gravel 
business). Refers to E. F. Berry, E. F. Church, 
L. Mitchell, S. D. Sarason. 


Rountres, Seasorn Revusen, Jr., Austin, Tex. 
(Age 24.) Refers to E. C. H. Bantel, P. M. 
Ferguson, J. A. Focht. 


Savace, Luxe Francis, McKeesport, Pa. (Age 
57.) City Engr. Refers to V. R. Covell, A. A. 
Henderson, C. E. Myers, W. W. C. Perkins, 
C. M. Reppert, E. H. Stumpf. 


ScANTLEBURY, WoopMAN Francis, Port Wash- 
ington, N.Y. (Age 26.) Senior Engr. and 
Chf. of Party, Eng. Dept., Nassau County, 
N.Y.; also Asst. Engr. with A. K. Piloff, West- 
bury, N.Y. Refers to C. E. Beam, E. L. Mac- 
donald, S. E. Page, F. S. Tainter, S. A. Thore- 
sen. 


Scumickie, Ropert DoNnaLp, Webster Groves, 
Mo. (Age 30.) Asst. Engr., U. S. Geological 
Survey. Refers to H. Austill, H. C. Beckman, 
N. C. Grover, G. A. Hathaway, C. G. Paulsen, 
F. M. Veatch. 


Scott, ALBert Lyon, New York City. (Age 58.) 
Chf. Executive Lockwood Greene Engrs., Inc.; 
also Cons. Engr. for Pacific, Kendall, and River- 
side & Dan River Cotton Mills, U. S. Finishing 
Co., etc. Refers to C. S. Allen, H. P. Eddy, 
Cc. T. Main, J. P. H. Perry, J. F. Sanborn, J. E. 
Sirrine, S. E. Thompson. 


Scranton, CLarence Henry, Knoxville, Tenn. 
(Age 24.) Jun. Structural Draftsman, TVA. 
Refers to R. A. Anderegg, H. B. Luther. 


Seetey, Joun Coorey, Ann Arbor, Mich. (Age 
25.) Asst. Engr., Michigan State Planning 
Comm. Refers to A. J. Decker, L. M. Gram, 
W. C. Hoad, H. W. King, R. L. McNamee, 
W. C. Sadler, C. O. Wisler. 


Suuxie, Ricnarp Joun, Fresno, Calif. (Age 
22.) Computer, U. S. Bureau of Reclamation. 
Refers to C. Derleth, Jr., B. A. Etcheverry, 
S. T. Harding, C. G. Hyde, C. T. Wiskocil. 


Sracey, Wr.1am Artuur, Hutchinson, Kans. 
(Age 44.) Field Engr., Service Bureau, 
American Wood Preservers’ Association, 
Chicago, Ill. Refers to R. C. Keeling, W. C. 
McNown, R. H. Mann, C. H. Scholer, C. C. 
Williams. 


Srarr, Joun THornton, Baltimore, Md. (Age 
27.) Surveyman, U. S. Engr. Office, Baltimore 
Dist., War Dept. Refers to T. F. Comber, Jr., 
H. L. Crandall, P. G. Crout, F. W. Medaugh, 
J. T. Thompson. 


Strurces, Tomas Benepict, Pittsburgh, Pa. 
(Age 52.) Chf. Engr. and Pres., Pennsylvania 
Drilling Co. Refers to A. Ackenheil, L. P. 
Blum, A. C. Clarke, R. P. Forsberg, C. N. Hag- 
gart, N. F. Hopkins, J. F. Leonard, D. C. 
Morrow, J. M. Rayburn, S. A. Taylor, W. A. 
Weldin. 


Sutttvan, Francis Xavier, New York City. 
(Age 25.) Refers to J. J. Costa, A. V. Sheridan. 


Sverprup, Lerr Joun, St. Louis, Mo. (Age 38.) 
Sverdrup & Parcel, Cons. Engrs. Refers to 
B. L. Brown, A. S. Cutler, W. W. Horner, 
O. M. Leland, J. I. Parcel. 


TAMARGO, MANUEL RaAPFAeL, Havana, Cuba. 
(Age 23.) Refers to G. N. Cox, F. J. Gaston, 
L. J. Muse, B. W. Pegues, F. F. Pillet. 


Taytor, Henry Georce, Portsmouth, Va. (Age 
51.) Capt., C.E.C., U.S. Navy; Public Works 
Officer, Norfolk Navy Yard. Refers to R. E. 
Bakenhus, G. Church, F. R. Harris, G. A. 
McKay, J. T. Mathews, P. L. Reed, N. M. 
Smith. 


Tonc, Georce Hone, Los Angeles, Calif. (Age 
24.) Refers to R. M. Fox, D. M. Wilson. 


Triay, CHARLES ROLAND, JR., Bishop, Calif. 
(Age 25.) Surveyor’s Aide, Dept. of Water & 
Power, City of Los Angeles, Calif., Mono Basin 
Extension, Los Angeles Aqueduct, Refers to 
E. A. Bayley, B. A. Etcheverry. 
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Tucksr, Joun Paut, Baton Rouge, La. (Age 
37.) Designing Draftsman, Dredging Div., 
U. S. Engrs. Refers to J. H. Brillhart, C. M. 
Davis, H. B. Friedman, H. M. Hinckley, A. C. 
Love, F. E. Lovett. 


TURNBULL, WILLARD Jay, Hastings, Nebr. ( Age 
33.) Chf. Soils Engr., The Central Nebraska 
Public Power & Irrigation Dist. Refers to 
G. N. Carter, F. T. Darrow, M. I. Evinger, 
G. E. Johnson, H. J. Kesner, C. E. Mickey, 
M. C. Noble. 


Voss, ARTHUR WILLIAMS, Milton, Mass. (Age 
46.) Res. Engr. Inspector, PWA, Boston, 
Mass. Refers to J. Ayer, C. B. Breed, W. W. 
Davis, A. W. Dean, L. I. Hewes, J. A. Johnston, 
T. H. Keenan, W. W. Lewis, C. M. Spofford, 
D. M. Sullivan, T. F. Sullivan. 


WEINBERG, Morris, New York City. (Age 20.) 
Refers to L. V. Carpenter, C. T. Schwarze. 


Watre, Davip Linpsay, New Orleans, La. (Age 
44.) Senior Engr., U. S. Engr. Dept., 2d New 
Orleans Dist. Refers to F. C. Carey, T. J. 
Clarke, G. R. Clemens, T. H. Jackson, G. H. 
Matthes, H. L. Williams, W. P. Wooten. 


Wriison, Joun Tuomas, Los Angeles, Calif. (Age 
26.) Deputy Bldg. Inspector, Los Angeles 
County Dept. of Bidg. Refers to M. C. Ayers, 
R. M. Fox, W. J. Fox, R. J. Kadow, E. Maag, 
D. M. Wilson, W. T. Wright. 


ZipPpropT, Roy Ricwarp, White Plains, N.Y. 
(Age 46.) Associate Prof. of Civ. Eng., Colum- 
bia Univ., New York City. Refers to A. B. 
Cohen, F. R. McMillan, S. S. Neff, F. BE. 
Richart, E. E. Seelye, A. N. Talbot, L. W. 
Weed. 


ZwIssLerR, GorRDON Artuur, Chicago, Ill. (Age 
22.) Rodman, Chicago, Milwaukee, St. Paul 
& Pacific R.R. Refers to J. C. Penn, R. L. 
Stevens. 


FOR TRANSFER 


FROM THE GRADE OF ASSOCIATE 
MEMBER 


Bowe, Tuomas Francis, Assoc. M., New York 
City. (Elected Nov. 27, 1917.) (Age 50.) 
Cons. Engr. Refers to G. S. Armstrong, C. A. 
Emerson, Jr., L. G. Holleran, C. A. Maguire, 
J. F. Sanborn, W. J. Scott. 


CHapwick, Watiace Lacy, Assoc. M., Los 
Angeles, Calif. (Elected July 6, 1925.) (Age 
38.) Senior Engr., The Metropolitan Water 
Dist. of Southern California. Refers to R. C. 
Booth, L. V. Branch, H. W. Dennis, J. Hinds, 
D. H. Redinger, F. E. Weymouth. 


Drury, WALTeR Ruopes, Assoc. M. (Elected 
Junior Dec. 31, 1913; Assoc. M. Oct. 8, 1918.) 
(Age 47.) Member of firm, Shoecraft, Drury 
& McNamee, Cons. Engrs. Refers to L. E. 
Ayres, J. H. Cissel, L. M. Gram, W. C. Hoad, 
J. R. Pollock, E. D. Rich, H. E. Riggs. 


GrossMAN, EGMOND EuGeneg, Assoc. M., New 
York City. (Elected Oct. 14, 1930.) (Age 38.) 
Management Engr., Gen. Realty & Utility Co. 
Refers to H. T. Immerman, A. J. Mantica, J. 
Meltzer, C. T. Schwarze, C. H. Snow. 


HaGerR, ALBERT Bertram, Assoc. M., Ruther- 
ford, N.J. (Elected Nov. 1, 1905.) (Age 56.) 
2nd Vice-Pres., Atlantic, Gulf & Pacific Co., 
Engrs. and Contrs., New York City. Refers to 
D. D. Barlow, M. S. Falk, P. P. Farley, O. E. 
Hovey, H. M. Lewis, G. L. Lucas, R. Ridgway, 
C. E. Trout, A. S. Tuttle, F. P. Witmer. 


Kuan, James Irwin, Assoc. M., Cleveland, Ohio. 
(Elected April 18, 1916.) (Age 55.) Chf. Engr. 
and member of firm, Small, Smith & Reeb. 
Refers to A. A. Burger, F. S. Foulkrod, F. L. 
Gorman, C. P. Marsh, F. L. Plummer, C. W. 
Schubert. 


Mower, Cuaries Mason, Jr., Assoc. M., New 
York City. (Elected Junior Feb. 25, 1924; 
Assoc. M. Aug. 27, 1928.) (Age 37.) Asst. 
Engr., The Pitometer Co., Engrs. Refers to 
E. S. Cole, W. W. Morehouse, H. E. Riggs, 
A. E. Skinner, B. T. Weston, E. K. Wilson. 
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Newtson, Japez Curry, Assoc. M Syracuse, 
N.Y Elected Junior Oct. 1, 1907; Assoc. M 
April 7, 1915 Age 52 Pres. and Gen. Mgr., 


Easy Washing Machine Corporation Re- 
fers to H. Austill, J. A. Emery, L. Mitchell, 
N. F. Pitts, Jr., W. von Phul 


Prckwortn, Joun Writram, Assoc. M., New 
York City Elected Jan. 17, 1921 Age 42 
Member of firm, Weiskopf & Pickworth, Cons 
Kngrs Refers to R. L. Bertin, F. H. Frank- 
land, C. B. Spencer, J. W. Taussig, A. Wey- 
mouth, W. H. Yates 


PrRicHarRp, Mason Carter, Assoc. M Ocala, 
Fla Electex Aug 15, 1932 Age 37 
Prin. Asst. to Dist. Engr., U. S. Engr. Office 
Refers to C. E. Boesch, F. C. Carey, W. J 
Douglas, W. G. Grove, M. Pirnie, B. B. Somer- 
vell, D. S. Wallace 


Reeves, Artuur BLAIne Assoc. M Denver, 
Colo Elected July 15, 1929 Age 50.) 
With | S. Bureau of Reclamation, North 
Platte Project Refers to H. W. Bashore, E. B 
Debler, H. R. McBirney, W. H. Nalder, J. L 
Savage, R. F. Walter, A. Weiss 

Werskorr, Watter Herpert, Assoc. M., New 
Rochelle, N.Y Elected Junior March 7, 
1921; Assoc. M. March 16, 1925.) (Age 37.) 
Member of firm, Weiskopf & Pickworth, Cons 
Engrs., New York City Refers to R. L. Ber- 
tin, C. W. Dunham, F. H. Frank'and, F. C 

Moore, J]. E. Wadsworth, W. H. Yates. 


Wetts, James Bertranp, Assoc. M., Palo Alto 
Calif Elected Junior Jan. 7, 1913; Assoc. M 
July 6, 1920 Age 47 Associate Prof. of 
Civ. Eng., Stanford Univ., Stanford University, 
Calif. Refers to M. C. Collins, J. C. L. Fish, 
H. H. Hall, S. B. Morris, W. H. Popert, L. B. 
Reynolds, S. K. Whipple 


FroM THE GRADE OF JUNIOR 


Binoitey, Wriewtam McLean, Jun., Atlanta, Ga. 
Elected Oct. 14, 1929.) Age 29 Sales Engr., 
The Dorr Co., Inc., New York City. Refers to 
D. S. Abell, F. Bachmann, E. B. Besselievre, 
L. H. Enslow, J. H. Gregory, W. M. Piatt, J. 7 


Thompson. 


Bonp, Joun Henry Jr.. Jun., Bethichem, Pa 
Elected Nov. 15, 1926 (Age 32 Estima- 
tor and Designer, McClintic Marshall Co. and 
Bethlehem Steel Co Refers to E. F. Ball, 
S. W. Bradshaw, E. L. Durkee, J. Farenwald, 
A. R. Graves, W. H. Jameson, J. Jones 


Connect., Gripert FerTTerRMAn, Jun., Zanesville, 
Ohio Elected Nov 10 1930 Age 32.) 


Prin. Draftsmen-Asst. Engr., in charge of 
Gen. Eng. Sec., U. S. Engr. Office. Refers to 
G. H. Friend, D. P. Grosshans, F. B. Harkness, 
r. T. Knappen, E. L. Winslow, Jr. 


Courter, Josern ALLAN, Jun., Montclair, N.J- 
Elected June 6, 1927.) (Age32.) Engr., Long 
Lines Dept., American Telephone & Telegraph 
Co., New York City. Refers to W. S. Baver, 
H. N. Cummings, A. F. Eschenfelder, H. R. 
Gabriel, W. S. LaLonde, Jr. 


Drury, Writ1am Georce, Jun., Morristown, 
N.J Elected Dec. 3, 1928.) (Age 32.) Asst. 
Engr., Valuation Dept., Federal Water Service 
Corporation and New York Water Service Cor- 
poration, New York City. Refers to G. S&S. 
Beal, H. M. Huy, H. G. Payrow, A. Schultheis, 
P. A. Shaw. 


Durrett, THomas Jackson, JR., Jun., Atlanta, 
Ga. (Elected Dec. 3, 1926.) (Age31.) Super- 
visor of Operations and Dist. Director, Dist. 
No. 5 Fulton and DeKalb Counties), WPA 
of Georgia Refers to L. F. Bellinger, G. P. 
Donnellan, W. A. Hansell, R. L. MacDougall, 
M. T. Singleton, F. C. Snow 


Evans, Tuomas Hayuurst, Jun., Charlottes- 
ville, Va Elected Dec. 22, 1930.) (Age 30.) 
Asst. Prof., Dept. of Eng., Univ. of Virginia. 
Refers to W. J. Cox, P. G. Laurson, J. L. New- 
comb, F. Thomas, C. J. Tilden, E. K. Timby. 


Fiicktncer, Ltoyp Henry, Jun., Minneapolis, 
Minn (Elected Oct. 1, 1928.) (Age 32.) 
Asst. Engr., Minneapolis-St. Paul San. Dist., 
St. Paul, Minn Refers to F. Bass, W. N. 
Carey, W. H. Dittoe, A. J. Duvall, H. M. Hill, 
H. B. Pettit, A. L. Reeder. 


Gtiuckert, Wriitam Joan, Jr., Jun., Caripito, 
Venezuela. (Elected Jan. 18, 1926.) (Age 32.) 
Chf. Draftsman, Standard Oil Co. of Venezuela, 
Maracaibo, Venezuela. Refers to F. H. 
Bailly, T. Buckley, B. Franklin, A. W. Green, 
Jr., A. Z. Hoffman, C. W. O'Connell, J. R. 
Stubbins, A. W. Tolander. 


IRvINe, JAMES Osporne, Jun., East Orange, N.J. 
Elected Oct. 30, 1933.) (Age 33.) Project 
Supt., U. S. Dept. of Agriculture (New 
Jersey State Dept. of Conservation and De- 
velopment), Pequannock Watershed, Butler, 
N.J. Refers to M. A. Butler, H. R. Gabriel, 
Cc. Gilman, N. H. Jones, H. A. Philip, W. H 
Robertson, C. H. Splitstone 


Lewis, Atr ALLEN, Tun., Denver, Colo. (Elected 
May 13, 1929.) (Age 30.) Associate Engr., 
U. S. Bureau of Reclamation. Refers to S. F. 
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Crecelius, O. N. Floyd, A. W. Kidder, 7 J. 
Ledbetter, Jr., J. L. Lochridge, H. R McBirney 
C. P. P. Vetter. 


Maca, Leon FRANCIS, Jun., Ogden. Utah, 
(Elected Oct. 1, 1928.) (Age 31.) Che of 
Field Party, U. S. Forest Service. Refers to 
H. H. Hodgeson, A. Johnson, J. P. Martin, 
R. G. Stevenson, R. R. Zack. 


MACPHERSON, MaLcoim, Jun., Stamford, NY. 
(Elected Dec. 5, 1927.) (Age32.) Asst Engr., 
Delaware County Highway Dept., Delhi, N_y. 
Refers to C. B. Ferris, H. Hartwell, W J. How. 
land, G. Parker, R. H. Scott. 


Orem, Houttts MILon, Jun., San Francisco, Calif 
(Elected March 11, 1929.) (Age 32.) Asst 
Engr., Water Resources Branch, U. S. Geologi- 
cal Survey. Refers to R. C. Briggs, R. kK 
Brown, G. H. Canfield, J. C. Hoyt, H. D. 
McGlashan, K. N. Phillips, M. Sullivan. 


Prrok, JOHN NIcHOLAs, Jun., Glasgow, Mont. 
(Elected Oct. 26, 1931.) (Age 32.) Asst. to 
Chief Engineer, Ft. Peck Dam, Chicago, I, 
Bridge & Iron Works. Refers to H. Cross, 
J. J. Doland, M. L. Enger, J. J. Hammond, 
W. C. Huntington, H. H. Jordan, N. D. Mor- 
gan, C. E. Palmer, L. G. Puls, F. E. Richart, 
H. W. Tabor, L. C. Tschudy, W. M. Wilson. 


Symns, Samuet Youne, Jun., Monrovia, Liberia, 
West Africa. (Elected Oct. 26, 1931.) (Age 
31.) With Firestone Plantations Co. Refers to 
W. Bowie, J. W. Bulger, M. L. Davis, R. C. 
Durst, C. L. Garner, C. F. Maynard. 


THAYER, GeorGe Moors, Jun., Puyallup, Wash. 
(Elected Nov. 12, 1928.) (Age 30.) Constr. 
Engr., Tacoma Dist., Water Resources Branch. 
U. S. Geological Survey. Refers to C. J. 
Bartholet, G. H. Canfield, N. C. Grover, W. A. 
Kunigk, G. L. Parker, C. G. Paulsen, B. P. 
Thomas. 


Watts, Josern Criype, Jun., Detroit, Mich. 
(Elected Oct. 10, 1927.) (Age 32.) Chf. of 
Party, U. S. Engr. Office. Refers to F. W. 
Dencer, C. Y¥. Dixon, C. J. Kennedy, C. E. 
Palmer, I. O. Thorley, M. F. Wagnitz. 


Weatre, SARGENT, Jun., Arlington, Va. (Elected 
Nov. 23,1931.) (Age29.) Civ. Engr. (private 
practice). Refers to R. W. Berry, F. A. 
Biberstein, H. A. Hook, A. J. Seullen, G. EB. 
Stratton. 


The Board of Direction will consider the applica- 
tions in this list not less than thirty days after the 
date of issue 
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Men Available 


These items are from information furnished by the Engineering Societies Employment Service, with offices in Chicago, New York, and 


San Francisco. The service is available to all members of the contributing societies. 
offices, and the fee is to be found on page 8&7 of the 19 56 ear Book of the Society. 
Employment Service, 31 West 39th Street, New York, N.Y. 


A complete statement of the procedure, the location of 
To expedite publication, notices should be sent direct to the 
Employers should address replies to the key number, care of the New York Office, 


unless the word Chicago or San Francisco’ follows the key number, when it should be sent to the office designated. 








Cc INSTRUCTION 


CONSTRUCTION ENGINERR AND SUPERINTEND- 
ent; M. Am. Soc. C.E M. Can. Inst. C.B.; 
professional engineer and land surveyor, New 
York and New Jersey wide experience on con- 
struction of tunnels, compressed air, vehicular, 
ind rock: subways, sewerage and water systems, 
reservoirs, and heavy construction of all kinds 
Salary depends on location. D-5015 


CONSTRUCTION ENGINERR AND SURVEYOR 
Assoc. M. Am. Soc. C.I $5; married; C.E., 
Princeton University; 8 years railroad surveys on 
construction and maintenance; 3 years varied 
experience in construction, valuation, drafting, 
etc Especially qualified for layout and super 
vision of construction and handling’ survey par 
tie Location immaterial Detailed experience 


> 


record sent on request D.1027 


CONSTRUCTION ENGINEBR-ESTIMATOR; Assoc 
M. Am. Soc. C.E.; architectural graduate; 3 
years civil engineering study; 38; married; 7 
years experience in construction departments of 
major oil company, public utility corporation, 
and industrial companies in field supervision and 
office engineering; 9 years with large construction 
companies as building cost estimator, construc 
tion engineer, and in purchasing and contact 
work Available. C-2146 


CONSTRUCTION ENGINgeEBR; Assoc. M. Am. Soc 
C.E.; 40; married. Registered professional engi- 
neer; broad experience in all forms of construc 
tion; specialist in concrete and roadbuilding; 
good organizer and administrator. Former con- 
tractor and can qualify as office manager, field 
superintendent, or public relations man Best 
references. Available immediately. West coast 
preferred. D-5324-368-A-2 San Francisco 


Crvm Enornger; Assoc. M. Am. Soc. C.B.; 
36; married; licensed engineer, Ohio; 14 years 
diversified experience; estimating and supervis- 
ing building construction; also city water works 
and sewage disposal; concrete dam and rolled, 
earth-fill dam Desires connection with active 
engineering or construction organization. Em- 
ployed now. Available on reasonable notict 
D-5352. 


Civi. ENGINEER; Assoc. M. Am. Soc. CE; 
29; single; graduate of New York Universit) 1930; 
registered professional engineer, New York 5 
years with contractor on subway and veh ilar 
tunnels; field engineer and assistant to chief engr 
neer on subsurface construction, im com! ressed 
air, hydrographic dredging, surveying, © De- 
sires work with contractor on new construction 
Employed. Available on short notice. D 
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